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TRAINING AND EXPERIENCE IN RESEARCH
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o f  B .S c .  in  A p p lie d  C hem istry , o b ta in in g  the degree w ith  F i r s t  
C lass Honours in  1 9 3 1 .  During my f i n a l  year  a t  Glasgow I 
c a r r ie d  o u t  an o r i g i n a l  r e s e a r c h  under P r o fe s s o r  P . J .  W ilso n ,  
D .S c . ,  the r e s u l t s  o f  which were p u b l i s h e d  in  th e  Journal o f  
the Chemical S o c i e t y ,  1932 . V o l .  2 3 2 , p .  2086 .
I was awarded a Maintenance Grant by the Department 
o f  S c i e n t i f i c  and I n d u s t r ia l  R esearch  in  September 1931 and 
proceed ed  to  the  U n iv e r s i t y  o f  S t .  Andrews, where the r e s e a r c h ,  
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Ir v in e  . In Septem ber, 1933, on the  e x p ir y  o f  the  Maintenance  
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appointm ent w ith  Im p er ia l Chemical I n d u s t r i e s .
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I  '
INTRODUCTION.
1 .
The f i e l d  o f  the Chem istry o f  S ta rch  i s  so wide and 
the c o m p le x i t ie s  in v o lv e d  are so  g r e a t  th a t  any attem pt to  s o lv e  
the problems o f  the c o n s t i t u t i o n  o f  s t a r c h  cannot be spread  over
the whole f r o n t ,  b u t  must n e c e s s a r i l y  be c o n f in e d  to  a few chosen
p o in t s  o f  a t t a c k .  The f o l lo w in g  in t r o d u c t io n ,  t h e r e f o r e ,  i s  n o t  
p r e s e n te d  as a com plete su rvey  o f  th e  l i t e r a t u r e  o f  th e  s u b je c t  
bu t m erely  as a résumé^ o f  those p a r t s  b e a r in g  im m ediate ly  on the 
t o p ic s  s tu d ie d ,  w ith  s p e c i a l  r e fe r e n c e  to  the  work o f  Dr. J .  K. 
R u th erford , inasmuch as the p r e s e n t  t h e s i s  i s  a c o n t in u a t io n  and 
a m p l i f i c a t io n  o f  her  work.
Pour o f  the main problems c o n n e c te d  w ith  the c o n s t i t u t i o n  
o f  s ta r c h  may be s t a t e d  b r i e f l y  as f o l l o w s ; -
(1 )  What i s  the p o s i t i o n  o f  the l in k a g e s  betw een  the an h yd ro -g lu cose
u n i t s  in  the s ta r c h  m o le c u le ,  and how much r e l ia n c e  may be 
p la c e d  on the  method o f  m é th y la t io n  and h y d r o ly s is  in  determ in­
in g  t h e ir  p o s i t io n ?
(2 )  What i s  the e f f e c t  o f  a c é t y l a t i o n  o f  s t a r c h  as a p r e lim in a ry  
to  m é th y la t io n  in  c o n s t i t u t i o n a l  s t u d ie s ?
(3 )  Does the m o lecu le  o f  s ta r c h  c o n s i s t  o f  a sm a ll  number o f  
an h y d ro -g lu co se  u n i t s  h ig h ly  p o ly m e r ise d  or a la r g e  number o f  
such  u n i t s  p o ly m e r ise d  to  a l e s s e r  e x te n t?
(4 )  Is  s t a r c h ,  f r e e d  from admixed compounds, homogeneous in  the sen se  
th a t  a l l  p a r ts  o f  th e  m olecu le  are sy m m e tr ica l ly  c o n s t i tu te d ?
2 .
That s ta r c h  c o n s i s t s  o f  an h y d ro -g lu cose  u n i t s  was shown
by Sttlomon (1 )  who was one o f  th e  f i r s t  workers to  c o n v e r t  s ta r c h
q u a n t i t a t i v e l y  in t o  g lu c o se  and who found th a t  h i s  r e s u l t s  agreed
w ith  the formula (G, H 0^) , a r e s u l t  s in c e  confirm ed by manyC /O o
Other w ork ers . The a c tu a l  p o s i t i o n  o f  the l in k a g e s  betw een the 
an h yd ro -g lu co se  u n i t s  w as, how ever, determ ined o n ly  a f t e r  the  
a p p l i c a t io n  o f  the method o f  m é th y la t io n  and su bseq uent h y d r o l y s i s .
The m é th y la t io n  o f  s ta r c h  was f i r s t  c a r r ie d  ou t  by Denham and 
Woodhouse (2 )  to  whom we owe the use  o f  m ethyl su lp h a te  as a m e th y l-  
a t in g  a g en t  a p p l ic a b le  to  c a r b o h y d r a te s .  L a te r ,  Ir v in e  and Macdonald 
(3 )  c a r r ie d  o u t  the h y d r o ly s i s  o f  a f u l l y  m eth y la te d  s t a r c h  and 
o b ta in e d  2 - 3 - 6  tr im e th y l  g lu c o se  a s  the o n ly  c r y s t a l l i n e  p ro d u ct .
This su g a r ,  how ever, may o r ig in a t e  from e i t h e r  the j /  or the normal 
form o f  g lu c o se  and the l in k a g e s  in  the s ta r c h  m olecu le  may be 1 -  5 
or 1 -  4 r e s p e c t i v e l y .
Thus -
pCH -  0 — 
o CH 0 M e
CHOM e 
G H — 0 — 
CH 
GH^ OMe
normal form \
pGH T  0 — 
o CHOMeI
GHOMe
?H
CH -  0 — 
CH^ OMe
form
p  ÇHOH.
I  CHOMe 
CHOMe 
CHOH 
CH
CH^ OMe
changing to  normal 
form during h y d r o l y s i s .
2 - 3 - 6  tr im e th y l  g l u c o s e .
3 .
Since  t h a t  t im e, the m é th y la t io n  method has been w id e ly  
a p p l ie d  to  the p o ly s a c c h a r id e s  and many compounds in  the sugar  
s e r i e s  have been  prepared  w ith o u t  a case  o f  m ig r a t io n  o f  m ethoxyl  
groups b e in g  d e t e c t e d .  There rem a in s ,  how ever, the  remote p o s s i ­
b i l i t y  th a t  such  m ig r a t io n  might take p la c e  in  the h y d r o ly s i s  o f  
a m eth y la ted  p o ly s a c c h a r id e  and p a r t  o f  the work d e sc r ib e d  in  the 
t h e s i s  was d e s ig n ed  to  remove t h i s  doubt.
A lthough , through the work o f  I r v in e  and Macdonald the  
p o s i t i o n  o f  the l in k a g e s  in  s t a r c h  had thus been f a i r l y  w e l l  e s t a b ­
l i s h e d ,  there rem ained the q u e s t io n  o f  how many o f  th e se  anhydro-  
g lu c o s e  u n i t s  were thus jo in e d  to g e th e r  to  form the s ta r c h  m o le c u le .  
The h y d r o ly s i s  product o f  a f u l l y  m eth y la te d  s ta r c h  i s  a lm ost w h o l ly  
2 - 3 - 6  tr im e th y l  g lu c o s e ;  b u t  in  r e c e n t  y e a r s ,  v a r io u s  workers have  
d e t e c t e d  the p resen ce  o f  sm a ll  q u a n t i t i e s  o f  2 - 3 - 4 - 6  te trame t h y l  
g lu c o se  among the  h y d r o ly s is  p r o d u c ts .  The i n t e r p r e t a t i o n  o f  t h i s  
r e s u l t  has g iv e n  r i s e  to  two main c o n c e p t io n s  o f  the s t a r c h  m o le c u le .  
The one p r e s e n t s  a p ic tu r e  o f  the  s ta r c h  m olecu le  as a s e r i e s  o f  
tw enty or t h i r t y  anhydroglucose  u n i t s  jo in e d  to g e th e r  in  a lo n g  
c h a in ,  ter m in a ted  a t  one end by a r ed u c in g  or p o t e n t i a l l y  r e d u c in g  
group and a t  th e  o th er  by an a n h y d ro -g lu co se  r e s id u e  w ith  four v a ca n t  
h yd ro xy l gro u p s , which on m é th y la t io n  would g iv e  r i s e  to  te  trame t h y l  
g l u c o s e .  See S k e le to n  Formula I .
4 .
S k e le to n  Formula I .
Re due in g  Group.
r
I
C
Ic
I
^ c
I
G
CHOH
\
CHOMe
CHOMe
CHOH
-  6n
C“ C —C~C“C"*C 
I— 0 ------1
J n
G ives on 
m e th y la t -
h y d r o ly s i s  o f  
ed  p r o d u c t .
CH OMe &
2 - 3 - 6  t r im e th y l  
g lu c o se  .
r  CHOH 
CHOMe
A (0 CHOMe 
CHOH
L CH 
I
CH, OMe z
2 - 3 - 6  tr im e th y l  
g l u c o s e .
r
0
L
r  CHOH
CHOMe
0 CHOMe
CHOMe
L  CH 
I
CH,OMe &
2 - 3 - 4 - 6  te  tram eth y l  
g l u c o s e .
A ccord ing  t o  the a l t e r n a t i v e  v iew  there  e x i s t s  a " b a s ic  
un it"  w hich  c o n s i s t s  o f  a r e l a t i v e l y  sm a ll  number o f  anhydro-  
g lu c o se  u n i t s  j o in e d  in  a c l o s e d  r i n g .  This " b a s ic  u n i t " i s  then  
p o ly m e r ise d  or a s s o c i a t e d  to  g iv e  the s t a r c h  m o le c u le .  See 
S k e le to n  Formula I I .
5 .
r
0
.  /  °Cv C -C -c-c-c-c
c ' ^ 0i
c ------
6
6
0
0 r
0
L
?
1
0
0
S k e le to n  Formula I I .
The number o f  g lu c o se  u n i t s  
in  the c lo s e d  r in g  i s  comp­
a r a t i v e l y  sm a ll  -  sa y  three  
or four •
—J n
I t  w i l l  be seen  t h a t  I I  w ould  g ive  on h y d r o ly s i s  o f  the  
m eth y la ted  d e r iv a t iv e  o n ly  2 - 3 - 6  t r im e th y l  g lu c o se  and no te  t r a ­
me th y l  g lu c o se  u n le s s  p a r t i a l  h y d r o ly s i s  took p la c e  to  form a 
t e tr a s a c c h a r id e  (See  S k e le to n  Formula I I I )  w hich on m é th y la t io n  
and h y d r o ly s is  w ould  g iv e  some te  trame th y l  g l u c o s e .
S k e le to n  Formula I I I .
r Ç
0
- i r
g iv e I -  CHOH 
Q CHOMe 
1 GHOMe 
CHOMe 
U  CH
CH OMe
Break here to  form 
te  tr a  sac  Chari de .
Â
C-C-d-C-C 
—  0  '
On h y d r o ly s is  o f  m eth y la ted  
product p o r t io n  A would
2 - 3 - 4 - 6  te  trame th y l  g l u c o s e .
R esearches  c a r r ie d  out in  t h i s  la b o r a to r y  d u r in g  the p a s t  
four years  and c o n ta in e d  in  p a p er s ,  some o f  w hich are n o t  y e t  pub­
l i s h e d ,  have r e v e a le d  t h a t  when r e l a t i v e l y  la r g e  q u a n t i t i e s  o f  
p o ly s a c c h a r id e s  are em ployed, i t  i s  p o s s i b l e  a f t e r  m é th y la t io n  and 
h y d r o ly s i s  to  d e t e c t  a sm a ll  p r o p o r t io n  o f  the  co rresp o n d in g  t e t r a ­
me t h y l  hexose in  the h y d r o ly s i s  p r o d u c t s .  Thus, I r v in e  and 
Montgomery (4 )  o b ta in e d  about 4^ o f  t e tr a m e th y l  y  f r u c t o s e  from 
tr im e th y l  i n u l i n  and s i m i l a r l y ,  b o th  f u l l y  m eth y la te d  s ta r c h  and 
c e l l u l o s e  y i e l d  a p p r e c ia b le  q u a n t i t i e s  (5 -7 ^ )  o f  te tr a m e th y l  g l u ­
cose  on h y d r o l y s i s . I t  i s ,  how ever, an im portant f a c t ,  th a t  the  
y i e l d  o f  t h i s  sugar v a r i e s  c o n s id e r a b ly  a c co r d in g  to  the method o f  
m é th y la t io n  and a c co r d in g  a l s o  to  the method employed in  the p r e ­
l im in a r y  a c é t y l a t i o n  to  w hich  the p o ly s a c c h a r id e  i s  u s u a l l y  s u b j e c t e d .
Somewhat s i m i l a r  r e s u l t s  have been  o b ta in e d  by Haworth and 
Machemer (5 )  who quote e v id e n c e ,  w h ich  in  t h e i r  o p in io n  i s  c o n c lu s i v e ,  
th a t  c e l l u l o s e ,  s ta r c h  and . i n u l i n  each  p o s s e s s  a lo n g  cha in  s t r u c ­
tu r e ,  and i t  i s  a l s o  c la im ed  t h a t  the l e n g t h  o f  such ch a in s  may be 
c a lc u l a t e d  from the amount o f  t e tr a m e th y l  sugar i s o l a t e d .  The m atter  
was a l s o  d e a l t  w ith  in  a correspondence betw een  Ir v in e  and Haworth. (6).
Haworth s u b j e c t e d  the v a r io u s  p o ly s a c c h a r id e s  d e a l t  w i t h  
to  d r a s t i c  a c é t y l a t i o n  by means o f  a c e t i c  anhydride and su lp h u r ic  
a c id ,  and c la im s  t h a t ,  s in c e  no f r a c t i o n a t i o n  o f  h i s  s ta r c h  
t r i a c e t a t e  c o u ld  be e f f e c t e d ,  th e  m a te r ia l  had n o t  s u f f e r e d  " a c e t -  
o l y s i s " ,  i . e . ,  h y d r o ly s i s  during a c é t y l a t i o n .  In t h i s  t h e s i s  i t
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i s  shown th a t  a t r i - a c e t y l  s ta r c h  which c o u ld  n o t  be f r a c t i o n a t e d  
had, in  p o in t  o f  f a c t ,  undergone c o n s id e r a b le  a c e t o l y s i s  in  the  
course  o f  a much m ild er  a c e t y l a t i n g  r e a c t i o n .  No v a l i d  ev id en ce  
as to  the r e l a t i v e  m e r i t s  o f  Formula I or I I  can be o b ta in e d  by 
a method em ploying a p r e l im in a r y  a c é t y l a t i o n ,  s in c e  " a c e t o ly s i s "  
would break th e  c lo s e d  r in g  s tr u c tu r e  s u g g e s te d  in  Formula I I  g iv in g  
a su b stan ce  o f  Formula I I I  w h ich , on m é th y la t io n  and h y d r o ly s i s  
would g i v e ,  as  d e s c r ib e d ,  some te tr a m e th y l  g lu c o s e ,  a r e s u l t  which  
would a l s o  be o b ta in e d  from a su b stan ce  o f  Formula I .
E vidence w h ich , she c la im ed , fa v o u r ed  the lo n g  ch a in  
s tr u c tu r e  was a l s o  p u t forw ard by E . P e i s e r ,  ( 7 ) ,  who b a sed  her  
r e s u l t s  on the a n a l y s i s  o f  va r io u s  a c e t a t e s  o f  s ta r c h  p rep ared  by 
t r e a t i n g  th e  p o ly s a c c h a r id e  w ith  a c e t i c  anhydride and su lp h u r ic  a c i d .  
A lo n g  ch a in  o f  a n h y d r o -g lu c o se  u n i t s  w ould  g iv e  a m o lecu le  whose 
carbon and hydrogen c o n te n t  would n o t  be d i s t i n g u i s h a b l e  from
0^ b u t  w hich  on a c é t y l a t i o n  w ould  show an a c e t y l  c o n te n t  
h ig h er  than th a t  o f  a t r i a c e t y l  s t a r c h . The v a l i d i t y  o f  t h i s  work 
has been q u e s t io n e d  by P ringsheim  and Meyersohn (8 )  and a l s o  by  
B r ig l  and S c h in le  ( 9 )  who co n ten d  th a t  the h ig h  a c e t y l  c o n te n t  ob­
ta in e d  i s  due to  a c e t o l y s i s  having  taken  p l a c e ,  thus form ing a com­
pound an a logou s to  th a t  o f  Formula I I I .  The r e s u l t s  o b ta in e d  by 
the p r e s e n t  auth or  su p p ort the condem nation o f  P e i s e r ' s  w ork. Many 
other  workers have a c e t y l a t e d  s ta r c h  by v a r io u s  m ethods, e . g . ,  
Schu tzen b erger  (ID), P r e g l  ( 1 1 ) ,  P r ingshe im  ( 1 2 ) ,  bu t a f e a tu r e  
common to  a l l  i s  t h a t  on s a p o n i f i c a t i o n  o f  the a c e t a t e  the
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’’r e g e n e r a te d  s t a r c h ” o b ta in e d  appears to  have s u f f e r e d  c o n s id e r a b le  
d e g r a d a t io n .
Turning once more to  th e  q u e s t io n  o f  th e  l e n g t h  o f  the 
c h a in  in  th e  s t a r c h  m o lec u le  we f i n d  t h a t  the  ev id en ce  o f  X -ray  
s p e c t r a  i s  n o t  c o n c lu s iv e  b u t  on th e  whole i n c l i n e s  to  the  view  
th a t  th e  s ta r c h  m o lecu le  i s  c o m p a ra t iv e ly  s m a l l .  Katz (1 3 )  fo r  
exam p le , s t a t e s  th a t  he f in d s  s t a r c h  to be e s s e n t i a l l y  c r y s t a l l i n e  
and t h a t  the  e le m en ta ry  c e l l ,  in  th e  case  o f  a l l  p o ly s a c c h a r id e s  
so  fa r  examined and in  so  fa r  as th e y  y i e l d  a s u f f i c i e n t l y  d e f i n i t e  
c r y s t a l l i n e  spectrum  to  a l lo w  o f  an e v a lu a t io n  o f  the  w e ig h t  o f  the  
e le m en ta ry  b od y , i s  found to  be rem arkably s m a l l .  In the  case  o f  
s t a r c h  he c o n s id e r s  i t  to  c o n s i s t  o f  one, or a very  few g lu c o se  
u n i t s .  On the o th e r  hand, S .  von Naray Szabo (1 4 )  co n c lu d es  as a 
r e s u l t  o f  h i s  X -ray  s t u d i e s  o f  s t a r c h  th a t  th e  u n i t  c e l l  c o n ta in s  
about 16 a n h y d ro -g lu co se  u n i t s ,  b u t  a l s o  s t a t e s  th a t  the  r e s u l t  
v a r ie d  c o n s id e r a b ly  w ith  d i f f e r e n t  s t a r c h e s .
Evidence  b a sed  on m o lecu la r  w e ig h t  d e te r m in a t io n s  o f  p o l y ­
s a c c h a r id e s  i s  m ost c o n f l i c t i n g ,  inasmuch as r e s u l t s  appear to  d i f f e r  
a c c o r d in g  to  the method o f  d e te r m in a t io n  o f  m o lecu la r  w e ig h t ,  the  
s t a r c h  em ployed , and the time t h a t  the s o l u t i o n s  are k e p t .
C lo s e ly  c o n n e c te d  w i th  t h i s  m atter  i s  the hom ogeneity  o f  
s t a r c h .  We may c o n s id e r  th r ee  ty p e s  o f  n o n -h o m o g en e ity . F i r s t l y ,  
e lem en ts  o th e r  than carbon hydrogen and oxygen found in  s t a r c h : -  
Of th e se  the  commonest are n i t r o g e n ,  phosphorus and s i l i c o n  (a s  
s i l i c a ) .  On the  q u e s t io n  o f  w hether th e s e  may be regard ed  as
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” I m p u r it ie s ” or as an i n t e g r a l  p a r t  o f  the s t a r c h  m o lecu le  o p in io n  
Is  v ery  sh a rp ly  d iv id e d .  A second  type o f  non -hom ogeneity  Is  the  
a l l e g e d  i s o l a t i o n  from s ta r c h  o f  two d i s t i n c t  compounds, amylose  
and am yl0 - p e c t i n .  Numerous methods fo r  the s e p a r a t io n  o f  th ese  
c o n s t i t u e n t s  have been  p rop osed . G atin  GruzRWska (1 5 )  g iv e s  a 
se p a r a t io n  based  on th e  use  o f  a l k a l i ,  which d i s s o l v e s  the amylose  
and l e a v e s  the  a m y lo - p e c t ln . L ing and N a n jl  (1 6 )  g iv e  an e x t e n s iv e  
r ev iew  o f  th e  s u b j e c t  and d e sc r ib e  e i g h t  p h y s i c a l  methods o f  s e p a r ­
a t in g  the two compounds. Samec (1 7 )  c la im s to  have se p a r a te d  the 
two c o n s t i t u e n t s  and f in d s  t h a t  n e a r ly  a l l  the phosphorus Is  con­
ta in e d  In the a m y lo -p e c t ln  f r a c t i o n .
On th e  o th e r  hand, many a u t h o r i t i e s  deny the e x i s t e n c e  o f  
th e se  compounds as se p a r a te  e n t i t l e s .  Maquenne (18 )  c o n s id e r s  th a t  
the a g e in g  o f  s t a r c h  causes a change from a s o - c a l l e d  "am ylose” 
s t a t e  to  an ”a r a y lo -p e c t ln ” s t a t e  -  an I r r e v e r s i b l e  p r o c e s s .
Pouard (1 9 )  a f t e r  a s e r i e s  o f  u l t r a - f i l t r a t Ion ex p er im en ts  co n c lu d es  
th a t  s t a r c h  Is  a s i n g l e  ch em ica l s p e c i e s  capable  o f  a p h y s i c a l  t r a n s ­
fo r m a tio n ,  t o t a l  and r e v e r s i b l e ,  toward a s t a t e  o f  p e r f e c t  s o l u t i o n .  
Katz (2 0 )  f in d s  t h a t  a m y lo -p e c t ln  and am ylose have the same X -ray  
s p e c tr a  when f r e s h  b u t  th a t  r é t r o g r a d a t io n  or a g e in g  a f f e c t s  the  
s p e c t r a .  P r in g sh e im  a l s o  I n c l i n e s  to  t h i s  v ie w , p o in t in g  ou t  t h a t  
the r e v e r s i b l e  changes o f  v i s c o s i t y  In s ta r c h  s o l u t i o n s  may be due 
to  a change from one form to  anoth er  and c i t i n g  as fa v o u ra b le  e v i ­
dence the d i s a g g r e g a t io n  o f  polyaraylose a c e t a t e s  (2 1 )  w h ich , a lth ou g h  
n o t  c la im ed  to  be the " b a s ic  u n i t ” o f  s t a r c h ,  y e t  appear to  have a
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v e ry  s im i la r  c o n s t i t u t i o n .
I t  w i l l  be se e n ,  t h e r e f o r e ,  from the e x t r a c t s  from the  
l i t e r a t u r e  g iv e n  above t h a t  t h e r e  appears to  be no agreem ent on 
the problem  and i t  was on t h e s e  grounds th a t  Dr. R u th erford  and 
the p r e s e n t  author  f e l t  j u s t i f i e d  in  c a r r y in g  out t h e i r  work on 
s t a r c h ,  r e g a r d e d  as a w h o le ,  r a th e r  than a t te m p t in g  to  work on the 
s e p a r a te d  c o n s t i t u e n t s .
In the  course  o f  t h i s  work th ere  was d i s c o v e r e d  a t h ir d  
type o f  n on -hom ogeneity  -  nam ely , w i t h i n  the m o lecu le  i t s e l f .
Apart from a s u g g e s t io n  by E . P e i s e r  ( 22)  t h a t  an a ld e h y d ic  group  
e x i s t s  in  the m iddle  o f  th e  s t a r c h  m o le c u le ,  a l l  workers seem to  
have a g r ee d  t h a t  the m o lecu le  o f  s t a r c h  i s  sy m m e tr ic a l ly  b u i l t  up 
o f  a n h y d r o -g lu c o se  u n i t s .  Dr. R u th e r fo r d , how ever, o b ta in e d  e v i ­
dence w hich  i n d ic a t e d  t h a t  t h i s  i s  n o t  the c a s e ,  and the work o f  
the  p r e s e n t  au th or  confirm s t h i s  d i s c o v e r y .
A sunmary o f  Dr. R u th e r fo r d 's  t h e s i s  i s  now p r e s e n t e d  in  
order  to  g iv e  an u n d e r s ta n d in g  o f  the b a s i s  o f  the p r e s e n t  e x t e n s io n  
o f  the  w ork.
The i n i t i a l  problem  undertaken  was an a ttem p t to  i s o l a t e  
and i d e n t i f y  the su gars  in te r m e d ia te  betw een  s t a r c h  and g l u c o s e .  
S in ce  s t a r c h  i s  more e a s i l y  h y d r o ly s e d  by a c id s  than  i s  c e l l u l o s e ,  
i t  was t h o u ^ t  t h a t  an a c e t y l a t i n g  a g e n t  such as t h a t  u s e d  by  
B a r n e t t  ( 23)  m ig h t ,  when a p p l i e d  to  s t a r c h ,  b r in g  about a c e t o l y s i s  
o f  the s t a r c h  m o lec u le  to  g iv e  the a c e t a t e  o f  d e f i n i t e  in te r m e d ia te  
compounds and u l t i m a t e l y  t h a t  o f  the d is a c c h a r id e  s t r u c t u r a l l y
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r e l a t e d  to  s t a r c h .  This c o n je c tu r e  was n o t  r e a l i s e d .  The prod u ct  
o b ta in e d  in  e x c e l l e n t  y i e l d  was an a c e t a t e ,  w hich on d e - a c é t y l a t i o n  
gave a ’’r e g e n e r a te d  s t a r c h ” s o lu b le  in  w ater  w i th o u t  the  p r o d u ct io n  
o f  a p a s te  and g i v in g  w ith  io d in e  the crim son c o lo u r a t io n  c h a r a c t e r ­
i s t i c  o f  c e r t a i n  d e x t r i n s .  I t  w ould appear, t h e r e f o r e ,  t h a t  th ere  
ta k e s  p la c e  c o n c u r r e n t ly  w ith  a c é t y l a t i o n ,  another  r e a c t i o n  in v o lv in g  
d e p o ly m e r is a t io n  and p o s s i b l y  a l s o  p a r t i a l  h y d r o l y s i s  o f  th e  s ta r c h  
m o le c u le .
I t  was found , how ever, th a t  t h i s  a c é t y l a t i o n  f u r n is h e d  a 
c o n v e n ie n t  and s i m p l i f i e d  method fo r  the m é th y la t io n  o f  s t a r c h .
By s im u lta n eo u s  de - a c é t y l a t i o n  and m é th y la t io n  o f  th e  a c e t a t e  by  
means o f  sodium h yd rox id e  and dime 1 t h y l  su lp h a te  a smooth and e a s y  
m é th y la t io n  was o b t a in e d . .  There was, how ever, a d e f i n i t e  check  in  
the e a s e  o f  m é th y la t io n  when a m ethoxyl c o n te n t  o f  34% OMe was 
r e a c h e d .  This seem ed to  corresp ond  t o  a d e f i n i t e  compound h av in g  
r o u g h ly  two m ethoxyl groups per u n i t .  In order  t o  i n v e s t i g a t e  
t h i s  phenomenon the r e s e a r c h  was c o n t in u e d  as a s tu d y  o f  p a r t i a l l y  
m e th y la te d  s t a r c h  and i t s  h y d r o ly s i s  p r o d u c t s .  S ta r c h  m e th y la te d  
to  a b o u t  34 % t h a t  i s ,  to  a b ou t the d im eth y l s ta g e  was h y d r o ly s e d  
by a c id  m ethyl a l c o h o l  u n t i l  p o la r im e te r  r ea d in g s  o f  the s o l u t i o n  
became c o n s t a n t .  The p rod u cts  o f  th e  h y d r o ly s i s  may be c o n v e n ie n t ly  
shown t h u s .
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P a r t i a l l y  M eth y la ted  S tarch
T e trame t h y l  Tr ime th y l
G lucose Zio G lucose 3 4 .4 ^
U n d i s t i l l a b l e  R esidue  A.
1 7 .9 ^
 1 1
Dime th y l  Monome th y l
G lucose 3 2 .9 ^  G lucose
3 .2 ^
U n d i s t i l l a b l e  Residue B.
8 .6 #
The T etram ethyl g l u c o s e ,  r e p r e s e n t in g  3#  o f  the t o t a l  h y d r o ly s i s  
p rod u cts  was regard ed  as b e in g  due to  a rupture o f  a l in k a g e  during  
a c é t y l a t i o n  l e a v in g  an anhydro g lu c o se  u n i t  w ith  fo u r  v aca n t hydroxy l  
groups as  shown in  Formula I I I  p .  5 .  The tr im e th y l  g lu c o se  o b ta in e d  
proved  to  be 2 - 3 - 6  t r im e th y l  g l u c o s e ,  a r e s u l t  w hich  i s  in  agreement 
w ith  a l l  p r e v io u s  w ork. The c o n s t i t u t i o n  o f  the d im eth y l g lu c o s e  
f r a c t i o n  was I n v e s t ig a t e d  t h o r o u ^ l y  and s e t t l e d  c o n c l u s i v e l y .
S in ce  the 4 and 5 p o s i t i o n s  are  o c cu p ied  by the r in g  and 
the oxygen l in k a g e ,  the dime t h y l  su gars o b ta in a b le  from s t a r c h  
sh ou ld  b e ,  3 - 6 ,  2 - 6 ,  and 2 -3  d im ethy l g l u c o s e .  I t  was found  th a t  
a c id  a c e to n e  would condense w ith  2 -3  d im ethy l g lu c o s e  and 3 - 6  
dim ethyl g lu c o s e ,  b u t  n o t  w ith  2 - 6  d im ethy l g l u c o s e .  .Thus the  
q u a n t i ty  o f  2 -3  d im eth y l g lu c o s e  + 3 - 6  d im ethyl g lu c o s e  c o u ld  be 
e s t im a t e d .  I t  was a l s o  found ( 24 )  th a t  when the p a r a - to lu e n e  
su lp h o n y l d e r iv a t iv e  o f  the mixed sugars was formed the para to lu en e  
su lp h on y l group in  p o s i t i o n  6 was r e p la c a b le  by io d in e  and an iod in e  
e s t im a t io n  th e r e fo r e  in d ic a t e d  the amount o f  2-3 d im eth y l g lu c o s e
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p r e s e n t Thus -
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GHOMe 
6 CHOMe
f
■CH L
CH^ OH
2-3  d im eth y l m ethyl  
g l u c o s e .
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I ^  ^
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I
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^  A 3
2-3  dimethyl' 4 -6  
d i-p a r a  - to lu en e  
su lp h o n y l  m ethyl  
g l u c o s i d e .
CHOMe 
GHOMe
I
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, A 3
L-CHI
CH^I.
2 -3  d im ethy l 4 para- 
to lu en e  su lp h on y l  
6 -  iodo m ethyl  
g l u c o s i d e .
By s u b t r a c t io n  the amount o f  3 - 6 ,  and 2 -6  d im ethy l g lu c o s e s  
c o u ld  be found . The r e s u l t s  were -
2 - 6  d im eth y l g lu c o se  76^
2 -3  d im ethyl g lu c o se  24^
3 - 6  d im ethy l g lu c o se  n e g l i g i b l e .
An i n v e s t i g a t i o n  o f  the monome th y l  g lu c o s e s  p r e s e n t  was then  
u n d erta k en . These were i d e n t i f i e d  and from the  r e s u l t s  i t  was 
deduced th a t  p o s i t i o n  3 o f  the a n h y d ro -g lu co se  u n i t s  p r e s e n t  in  
s t a r c h  i s  the l a s t  to  become m e th y la te d .
A t t e n t io n  was now tu rn ed  to  R e s id u es  A and B ( se e  p . 12 )  
w hich had b een  found to  c o n s i s t  o f  u n h yd ro lysed  m a t e r ia l .  They 
b o th  had a m ethoxyl c o n te n t  o f  3 5 -3 6 ^  and were hard g l a s s e s ,  w h i le ,  
in  sharp c o n t r a s t ,a  g lu c o se  m eth y la te d  to  t h i s  e x t e n t  i s  a f a i r l y  
v i s c o u s  s y r u p .  On b o i l i n g  w ith  aqueous a c id  or w ith  a c id  m ethyl  
a lc o h o l  th e y  were c o m p le te ly  h y d r o ly se d  to  g iv e  a m ixture o f  t r i ­
m eth y l ,  d im e th y l  and mono-me t h y l  g l u c o s e s .  The r e s id u e s  on com plete
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m é th y la t io n  y i e l d e d  prod u cts  w hich were s t i l l  h a rd  g l a s s e s  and 
v/hich had m ethoxyl c o n te n ts  o f  from 4 6 -4 8^  w hereas the m ethoxyl  
c o n te n t  o f  a t r im e th y l  an h y d ro -g lu co se  i s  s l i ^ t l y  low er v i z .  4 5 .5 ^ .  
H y d r o ly s is  o f  the f u l l y  m e th y la te d  compounds gave te tr a m e th y l ,  
t r im e th y l  and d im eth y l g lu c o s e s  in  the  approxim ate p r o p o r t io n  o f  
1: 2: 1 .  The i s o l a t i o n  o f  2 - 3 - 4 - 6  te tr a m e th y l  g lu c o s e  im p l ie s  the  
p r e sen ce  in  the  r e s id u e  o f  the  g ro u p in g .
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The d im eth y l f r a c t i o n  was found to  be s i m i la r  to  t h a t  o b ta in e d  from 
m e th y la te d  s t a r c h  i . e .  i t  c o n ta in e d  a p p ro x im a te ly  24^ o f  2 -3  d im ethyl  
g lu c o s e  and 76^ o f  2 -6  d im ethy l g lu c o s e .
The p resen ce  o f  a d im eth y l g l u c o s e ,  i n d i c a t e s  th a t  the
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m o lecu le  o f  s t a r c h  i s  not sym m etr ica l — i f  th e  r es id u es  A and B are  
a c t u a l l y  f r a c t i o n s  o f  s t a r c h . S ta r c h  was then f u l l y  m eth y la te d  by  
the d im ethyl su lp h a te  r e a c t i o n ,  a f t e r  a p r e l im in a r y  a c é t y l a t i o n  and 
the products o b ta in e d  on h y d r o ly s i s  were -
M ethy la ted  S ta r ch
20% E x tr a c te d  by E th e r .
Tetram ethyl Trim ethyl Dim ethyl R esidue 11.0%
g lu c o se  5% ' g lu c o se  59.5% g lu c o s e  4.5%
The amount o f  d im ethy l g lu c o se  o b ta in e d  a g r e e s  w ith  th e  
amount which sh o u ld  be o b ta in e d  from the r e s id u e s  A and B, assum ing  
th a t  they were p r e s e n t  in  the same p r o p o r t io n  as in  p a r t i a l l y  
m eth y la te d  s t a r c h .
F i n a l l y ,  s ta r c h  was m e th y la te d  t h i r t y  tim es w ith o u t  p rev io u s  
a c é t y l a t i o n .  The product was e x t r a c t e d  w ith  e th e r  and the r e s id u e  
h y d r o ly se d  w ith  a c i d  methyl a l c o h o l .  The products  were tr im e th y l  
g lu c o se  and d im ethy l g lu c o se  — no te tr a m e th y l  g lu c o se  b e in g  formed.*
From a c o n s id e r a t io n  o f  the h y d r o ly s i s  p rod u cts  and a n a ly s e s
NOTE. I t  sh o u ld  be n o te d  h ere  t h a t  s i n c e  the c o m p ila t io n  o f  h e r  t h e s i s  
Dr. R u th erfo rd  r e p e a te d  t h i s  p o r t io n  o f  the work on a v ery  la r g e  s c a l e  
and su cc ee d e d  in  i s o l a t i n g  from a m e th y la te d  s t a r c h  which had n o t  
p r e v io u s ly  been a c e t y l a t e d  a q u a n t i t y  o f  te tr a m e th y l  g lu c o s e  in  much 
sm a ller  y i e l d  than th a t  o b ta in e d  from s t a r c h  which had undergone a 
p r e lim in a r y  m é th y la t io n .
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o f  th e s e  r e s id u e s  i t  was thought t h a t  th ey  m ight c o n s i s t  o f  a 
m eth y la ted  t e t r a s a c c h a r id e  such as shown in  Formula I I I ,  p .  5 ,  
d e r iv e d  in tu r n  from an a n h y d r o - te tr a sa c c h a r id e  w hich  was the  
" b a s ic  u n i t ” and w hich  on a s s o c i a t i o n  or p o ly m e r is a t io n  formed  
s t a r c h .
This th en , was the p o s i t i o n  when the p r e s e n t  au th or  took  
up th e  r e s e a r c h .  The programme drawn up may be ro u g h ly  d iv id e d  
i n t o  three p a r t s .
( 1 )  To e x p lo re  the a c t i o n  o f  a c e t y l a t i n g  a g en ts  on s ta r c h  in  
o r d e r ,  f i r s t l y ,  to  a s c e r t a i n  how fa r  the u l t im a te  fo rm a tio n  o f
te  trame th y l  g lu c o s e  a f f o r d s  v a l i d  e v id e n c e  o f  the s t r u c tu r e  o f  the 
p a r e n t  p o ly s a c c h a r id e ,  and s e c o n d ly ,  s in c e  a c é t y l a t i o n  was known 
to  cause e x t e n s i v e  de p o ly m e r is a t io n ,  to  a ttem p t to  o b ta in  b y  t h i s  
means the " b a s ic  u n i t ” o f  s t a r c h ,  su s p e c te d  o f  b e in g  an anhydro-  
te  tr a sa c c h a r id e  .
( 2 )  To i n v e s t i g a t e  fu r th e r  th e  nature and i d e n t i t y  o f  the r e s id u e s  
o b ta in e d  by Dr. R u th e r fo r d .  These may have been d e r iv e d  from a 
component p a r t  o f  the s t a r c h  m o lecu le  or may have been  formed by  
( a )  the p r e l im in a r y  a c é t y l a t i o n ,  (b )  the m é th y la t io n  w ith  d im eth y l  
s u lp h a te ,  ( c )  the a c id  m ethyl a lc o h o l  u sed  in  h y d r o l y s i s .  Methods 
were d e v is e d  w hich e l im in a t e d  th ese  th r ee  p o s s i b i l i t i e s  and proved  
th a t  th ese  r e s id u e s  are d e r iv e d  from an in t e g r a l  p a r t  o f  the s ta r c h  
m o le c u le .
(3 )  By the  use o f  some s u b s t i t u e n t  group o f  a d i f f e r e n t  c h a r a c te r
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from a methyl group to  remove the s u s p ic io n  t h a t  m ig r a t io n  o f  
m ethyl groups m ight take p la c e  du rin g  the h y d r o ly s i s  o f  m eth y l  
a te d  s t a r c h .
THEORETICAL.
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ACETYLATION OP STARCH.
F i r s t  M o d i f ic a t io n  o f  B a r n e t t  P ro c ess
In pursuance o f  the  f i r s t  p a r t  o f  t h i s  programme, about  
two k ilogram s o f  s t a r c h  t r i a c e t a t e  were p rep ared  by m o d ify in g  in  
a minor degree  the B a r n e t t  p r o c e s s  em ployed by Dr, R u th e r fo r d .
On s e v e r a l  o c c a s io n s  an a c e t a t e  (w hich g i v e s  " D extr in  A" on d e-  
a c e t y l a t i o n )  showing a p p ro x im a te ly  160° in  ch loro form
was o b ta in e d  and t h i s  v a lu e  was n o t  g r e a t l y  d i s tu r b e d  i f  r i c e  
s t a r c h  were r e p la c e d  by p o t a t o  s t a r c h  in  th e  p r e p a r a t io n .  Under 
p a r a l l e l  c o n d i t i o n s ,  h ow ever . Dr. R u th er fo rd  in v a r ia b ly  o b ta in e d  a 
prod u ct showing [ ^ 3 ^  1 5 0 ° .  P r e g l  (1 1 )  d e s c r ib e s  a s t a r c h
t r i a c e t a t e  o f  s p e c i f i c  r o t a t i o n  ^ •+* 1 6 3 .6 ° ;  w h i le  Bergmann
and Kneke ( 25)  o b ta in e d  an am ylose a c e t a t e  o f  s p e c i f i c  r o t a t i o n
=  "f 1 7 6 ° .  I t  i s  d i f f i c u l t  to  e x p la in  th e s e  d i s c r e p a n c ie s ,  
w hich  were e n c o u n te r e d  on numerous o c c a s io n s  and the r e s u l t s  are  
q u o ted  as  an i n d i c a t i o n ,  n o t  o n ly  o f  the la c k  o f  p r e c i s i o n  o f  the 
" p h y s ic a l  c o n s ta n ts"  in  t h i s  s e r i e s ,  b u t  a l s o  o f  the c a u t io n  which  
must be e x e r c i s e d  in  u t i l i s i n g  m a t e r ia l  o f  so  v a r ia b le  a n atu re  as  
the b a s i s  o f  e x a c t  c o n s t i t u t i o n a l  s t u d i e s .
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Treatm ent o f  S ta r c h  T r i a c e t a t e s .
A ttem pts were a c c o r d in g ly  made to  s e p a r a te  th e se  s t a r c h  
a c e t a t e s  i n t o  f r a c t i o n s  o f  u n ifo rm  n a tu r e .  P ro lo n g ed  e x t r a c t i o n s  
in  a S o x h le t  a p p a ra tu s  w i th  e t h y l  a l c o h o l  d id  n o t  e f f e c t  any  
d i f f e r e n t i a t i o n  and, in  a d d i t i o n ,  s l i g h t  h y d r o l y s i s  and decompos­
i t i o n  o c c u r r e d .  F r a c t io n a l  p r e c i p i t a t i o n  by e t h e r  from s o l u t i o n  
in  c h lo ro fo r m  was u n a v a i l i n g  and u l t i m a t e l y  r e c o u r se  was had to  
s o l u t i o n  in  e t h y l  a c e t a t e  and f r a c t i o n a l  p r e c i p i t a t i o n  w ith  e t h e r .  
Taking the s p e c i f i c  r o t a t i o n  o f  the  f r a c t i o n s  as a c r i t e r i o n  the 
d i s s e c t i o n  o f  the a c e t a t e s  was c a r r ie d  to  a l i m i t  beyond w h ich  
p r e c i p i t a t i o n  w i th  e t h y l  a c e t a t e  proved  to  be no lo n g e r  e f f e c t i v e .  
The v a r io u s  f r a c t i o n s  were d e - a c e t y l a t e d  and an a n a l y s i s  o f  th e  
d e x t r in s  form ed, ( a l l  o f  w h ich  red u ced  F e h l in g ' s  s o l u t i o n  s l i g h t l y )  
showed t h a t  a r e a l  f r a c t i o n a t i o n  had tak en  p l a c e .  The carbon  
c o n t e n t s  -  4 3 .5 ^ ,  43.7% , 44.2% -  i n d ic a t e d ,  s in c e  th ey  were low er  
than th e  t h e o r e t i c a l  carbon c o n t e n t  o f  an a n h y d r o -g lu c o se  (44.4%) 
t h a t  ev en  in  the c a se  o f  the h i g h e s t  v a lu e  some h y d r o l y s i s  had  
accom panied  th e  u se  o f  the B a r n e t t  r e a g e n t s .
S e v e r a l  a t te m p ts  w e r e ,  how ever, made to i s o l a t e  the anhydro 
compound as  a n o n -r e d u c in g  f r a c t i o n ,  f i r s t  by means o f  d e s tr o y in g  
the r e d u c in g  m a t e r ia l  w i th  h o t  a l k a l i ,  and seco n d  by o x i d i s i n g  the  
r e d u c in g  m a t e r ia l  w i t h  bromine w a te r ,  b u t  n e i t h e r  p r o c e ss  was 
s u c c e s s f u l •
The v a r io u s  f r a c t i o n s  o f  d e x t r in  were th e r e fo r e  s u b j e c t e d
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to  s e v e r a l  r e p e t i t i o n s  o f  the c y c l e  -  a c é t y l a t i o n  -  d e a c e t y l a t io n  -  
a c é t y l a t i o n ,  w i th  the  o b j e c t  o f  d i s c o v e r in g  whether " a c e t o ly s i s "  
w ould  be c o n t in u e d  s t e a d i l y  or be check ed  a t  a time when the a c e t ­
a t e s  had been  degraded to  a f u l l y  a c e t y l a t e d  an h yd ro-te  t r a ­
s a c c h a r id e  . A s te a d y  f a l l  in  the s p e c i f i c  r o t a t i o n  and an in c r e a s e  
in  th e  e f f e c t  on P e h lin g * s  s o l u t i o n  i n d ic a t e d  th a t  a c e t o l y s i s  was 
b e in g  m a in ta in e d .  I t  i s  i n t e r e s t i n g  t o  c o n t r a s t  th e s e  r e s u l t s  w ith  
th o se  o f  Dr. J .  R u th e r fo r d  who r e t r e a t e d  the ace ta  te  (n o t  the  
d e x t r in )  by p la c in g  i t  in  th e  B a r n e tt  r e a g e n t s  and h e a t in g  i t  a t  
50®C. fo r  th ree  d a y s .  I t  was th en  i s o l a t e d  unchanged as r eg a r d s  
s p e c i f i c  r o t a t i o n  and a n a l y s i s .  I t  w ould  appear t h a t  i t  i s  the  
a c t u a l  in t r o d u c t io n  o f  th e  a c e t y l  groups i n t o  the  d e x t r in  w hich  
c a u s e s  h y d r o l y s i s  and dep o ly m e r is a t io n .
Second M o d if ic a t io n  o f  B a rn e tt  P r o c e s s .
The B a r n e t t  p r o c e s s  was t h e r e f o r e  s t i l l  fu r th e r  rflod ified  
by r e p la c in g  the  temporary h ig h  c o n c e n tr a t io n s  o f  su lp h u r y l  c h lo r id e  
(w hich  o c c u r r e d  when the r e a c t i o n  m ixture  was g iv e n  a "dose" o f  
su lp h u r  d io x id e  and c h lo r in e  tw ice  a day) by a co n tin u o u s  low co n ­
c e n t r a t i o n ,  w h ic h , i t  was th o u g h t ,  w ould n o t  be so l i a b l e  to  cause  
h y d r o l y s i s .  A c é t y l a t i o n  took p la c e  sm ooth ly  in  about f i v e  d a y s ,  
the  w hole o f  the s t a r c h  p a s s in g  in t o  s o l u t i o n ,  thus d i f f e r i n g  from 
th e  f i r s t  m o d i f i c a t i o n  o f  the B a r n e tt  p r o c e s s ,  in  w h ic h ,  no m a tter  
how lo n g  th e  p r o c e s s  was c o n t in u e d ,  th e re  rem ained a sm a ll  r e s id u e
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u n d i s s o lv e d .  This f a c t  r a i s e d  a s id e  i s s u e  w h ich  may he conven­
i e n t l y  d i s c u s s e d  h e r e .
The r e s id u e  appeared to  he u n a l te r e d  s t a r c h ,  as i t  gave 
a v i o l e t  c o lo u r  w i th  io d in e ,  hu t th e r e  e x i s t e d  the p o s s i b i l i t y  t h a t  
i t  m ight c o n s i s t  o f  a more r e s i s t a n t  p o r t io n  o f  the s ta r c h  c o n t a in ­
in g  the u s u a l l y  a s s o c i a t e d  n i t r o g e n  and phosphorus d e r i v a t i v e s .
The manner in  w h ich  n i t r o g e n  and phosphorus are p r e s e n t  in  s ta r c h  
has n o t  heen  d e f i n i t e l y  s e t t l e d  and i t  was th e r e fo r e  im portant to  
i n v e s t i g a t e  the m a t te r .  However, the v a lu e s  o f  ash  d e te r m in a t io n s ,  
c a r r ie d  ou t  on the  r e s id u e s  and on th e  o r i g i n a l  s t a r c h ,  were p ra c ­
t i c a l l y  i d e n t i c a l ,  and the in fe r e n c e  to  he drawn i s  th a t  the  
n i t r o g e n  and phosphorus are so  d i s t r i b u t e d  th a t  th e  B a r n e tt  p r o c ess  
does n o t  e f f e c t  any d i s s e c t i o n  o f  th o se  p a r ts  o f  the m olecu le  co n ­
t a i n i n g  them. In the l i g h t  o f  l a t e r  work i t  w ould  appear th a t  
th e se  r e s id u e s  were due to  one p o r t io n  o f  the complex b e in g  more 
r e s i s t a n t  to  h y d r o l y s i s  and l e s s  r e a d i l y  a t t a c k e d  by a c e t y l a t i n g  
r e a g e n t s .  On th e  o th e r  hand, the  d i f f e r e n t i a t i o n  may he p u re ly  
m ech a n ica l due to  the v a r y in g  s i z e  o f  the s ta r c h  g r a in s .
By the seco n d  m o d i f i c a t io n  o f  the B a r n e t t  p r o c e s s  there  
were o b ta in e d  two p r e p a r a t io n s  o f  a c e t a t e s ,  w h ich , on d e - a c e t y l a t i o n  
f u r n is h e d  d e x t r in s  o f  a new c h a r a c te r  ( ’’D ex tr in  B” ) .  They d id  n o t  
reduce F e h l in g ' s  s o l u t i o n  and on a n a l y s i s  gave the f o l lo w in g  
f i g u r e s ; -
C » 4 4 .1 5 #  H -  6 .3 5 #
4 4 .2 5 #  6 .1 8 #
Theory fo r  H^ 0^ _ -  G = 4 4 .4 # .  H -  6 .2 #
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They were much more h ig h ly  p o ly m e r ise d  than D e x tr in  A> 
t h e i r  a c e t a t e s  g i v i n g  c lo u d y  s o l u t i o n s  in  o r g a n ic  s o l v e n t s ,  and  
in  e v e r y  way th e y  appeared  t o  he v e ry  c l o s e l y  r e l a t e d  t o  s t a r c h .
In d e a l in g  w ith  compounds o f  t h i s  type and, to  a l e s s e r  d e g r e e ,  
w ith  d e x t r in s  o b ta in e d  by the o r d in a r y  B a r n e tt  p r o c e s s ,  F e h l in g ' s  
s o l u t i o n  has proved  u n s a t i s f a c t o r y  fo r  the d e t e c t i o n  o f  r e d u c in g  
p r o p e r t i e s ,  on a c c o u n t  o f  the c o l l o i d a l  n a tu re  o f  the m a t e r i a l ,  
i t s  h ig h  m o lec u la r  w e ig h t  and the u n s u i t a b i l i t y  o f  the t e s t  fo r  
e x a c t  com p arative  w ork.
E s t im a t io n  o f  R educing M a t e r i a l .
I t  was th e r e f o r e  d e c id e d  to  ad op t H ane's m o d i f i c a t io n  (2 6 )  
o f  the Hagedorn Jansen  method fo r  the  e s t i m a t i o n  o f  sm a ll  q u a n t i t i e s  
o f  r e d u c in g  m a t e r i a l .  This method a t  once r e v e a le d  the  e f f e c t  o f  
a c é t y l a t i o n  on th e  s t a r c h  m o le c u le .  The ta b le  shown belov/ i s  
co m p iled  from th e  t e t r a t l o n s  on p .  7/. and p r e s e n t s  the  r e s u l t s  in  
a form w h ich  shows more c l e a r l y  the c o n c lu s io n s  w hich  may be drawn. 
The r e d u c in g  powers o f  the  v a r io u s  p ro d u cts  are compared, g lu c o s e  
b e in g  ta k en  as  1 0 0 0 .
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I I I I I IV
M a te r ia l
u s e d .
R e la t iv e  
Reducing  
Power r e ­
f e r r e d  to  
G lucose  
= 1 0 0 0 .
P ercen tag e  
o f  
M altose  
R e s id u es  .
Approximate  
y i e l d  o f  te  t r a ­
me t h y l  g lu c o se  
w h ich  w ould be 
o b t a in e d  from 
ea ch  sp ec im en .
R ice  S ta r c h ,  
u n t r e a t e d . 2 .4 0 .3 6 0 .1 8 #
D e x tr in  B, 1 s t  
p r e p a r a t i o n . • 2 . 6 0 .3 9 0 .2 0
D e x tr in  B, 2nd  
p r e p a r a t io n 4 .8 0 .7 2 0 .3 6
D e x tr in  A. 61 .1 9 . 0 4 .5
M a lt o s e . 6 7 4 .7 1 0 0 .0 5 0 .0
G lu c o s e . 1000 . — — — -----
As th e  e x p e r im e n ta l  e r r o r  in  the s c a l e  o f  Column I I  i s  
+  2 u n i t s ,  the r e d u c in g  powers o f  the two p r e p a r a t io n s  o f  "B" 
and o f  the  o r i g i n a l  s ta r c h  may he taken as  i d e n t i c a l .  On the o th er  
hand, th e  r e d u c in g  power o f  s t a r c h  i s  m a g n if ie d  a t  l e a s t  tv /elve  
t im es when the p o ly s a c c h a r id e  i s  c o n v e r te d  in t o  t r i a c e t y l  s t a r c h
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by the o r i g i n a l  m o d i f i c a t i o n  o f  the B a r n e tt  p r o c e s s  and t h e r e a f t e r  
r e g e n e r a t e d  to  g iv e  " D ex tr in  A*’ . This r e d u c in g  power sh o u ld  be 
compared w i th  t h a t  o f  m a l t o s e ,  and n o t  o f  g l u c o s e ,  a s  the r e d u c in g  
p r o p e r t i e s  o f  a s t a r c h  p r o b a b ly  r e s i d e  in  a m a lto se  r e s id u e  a t t a c h e d  
a t  the end o f  a c h a in .  I t  i s  t h e r e f o r e  p o s s i b l e  to  c a l c u l a t e  the  
p e r c e n ta g e  o f  m a lto se  r e s i d u e s  n e c e s s a r y  to  a c co u n t  fo r  the  r e d u c in g  
p r o p e r t i e s  a s  d eterm ined  e x p e r im e n t a l ly .  Prom t h i s ,  in  tu r n , the  
amount o f  t e tr a -m e th y l  g lu c o s e  w h ich  would be produced  by m é th y l­
a t i o n  and h y d r o l y s i s  o f  th e  o r i g i n a l  su b s ta n c e  can be a s c e r t a i n e d  
and t h i s  i s  done in  Column IV. The s t r i k i n g  f a c t  w h ich  emerges  
i s  t h a t  " D ex tr in  A" w hich corresp on d s w i t h  average  sp ec im en s o f  
a c e t y l a t e d  s t a r c h  u se d  in  m é t h y la t io n  w ou ld  y i e l d  a b ou t 4 or 5^ 
o f  te  trame t h y l  g l u c o s e .  This i s  the  amount found e x p e r im e n t a l ly  
by o th e r  w orkers in  this la b o r a t o r y ,  b u t ,  in  c o n t r a s t ,  when s t a r c h  
i s  m e th y la te d  w ith o u t  p r e v io u s  a c é t y l a t i o n  t e t r a - m e t h y l  g lu c o s e  i s  
o b t a in e d  from th e  h y d r o l y s i s  p r o d u c ts  in  v ery  much s m a l le r  y i e l d .
I n v e s t i g a t i o n  o f  A c t io n  o f  A l k a l i .
The n e x t  s t e p  was to  determ in e  w h eth er  even  th e  sm a l le r  
q u a n t i t y  o f  t e t r a -m e t h y l  g lu c o s e  m ight n o t  be a c co u n ted  fo r  by the  
e f f e c t  on th e  d e l i c a t e  s t r u c t u r e  o f  the  s t a r c h  m o lec u le  o f  such  
d r a s t i c  r e a g e n t s  as m ethyl s u lp h a te  and c a u s t i c  so d a .
The v a r io u s  d e x t r in s  were t h e r e f o r e  s u b j e c t e d  to the  
a c t i o n  o f  c a u s t i c  soda in  c o n c e n tr a t io n  e q u a l  to  t h a t  u sed  in
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m é t h y la t io n  and th e  change in  r e d u c in g  power n o t e d .  The r e s u l t s  
are shown in  the Table below  w hich  i s  com p iled  from th e  t i t r a t i o n s  
on p .  73
R educing Power (By H ane's Method) R e fe r r e d  to  
G lucose  ■ 1 0 0 0 .
M a t e r i a l . I n i t i a l  R e d u c t io n .
A l t e r a t i o n  
o f  c o ld  a l k a l i :  
th en  made 
n e u t r a l •
A f te r  
h e a t in g  
w ith  
a l k a l i .
U n tr e a te d  
R ice  S t a r c h . 2 .4 2 .2 2 .9
D e x tr in  B .
1 s t  P rep . 2 .6 2 .7 7 . 1
D e x tr in  B 
2nd P r e p . 4 .8 4 . 7  i 1 3 .2
1
D e x tr in  A. 6 1 .1 6 2 .0
....................................................... 1
1
3 2 .0  ;
'1
_ J
Under the  c o n d i t io n s  em ployed in  m é th y la t io n  the f i r s t  
e f f e c t  o f  h o t  a l k a l i  i s  to  in c r e a s e  the r e d u c in g  pow er. V/hy t h i s  
s h o u ld  take p la c e  i s  n o t  known. I f  i t  i s  due to  the  ruptu re  o f  
a l in k a g e  b e tw een  two a n h y d r o -g lu c o se  u n i t s  thus s e t t i n g  fr e e  a 
new r e d u c in g  group , th en  i t  i s  the f i r s t  c a se  known o f  a g l u c o s i d i c  
l i n k a g e ,  su ch  a s  e x i s t s  i n . the s t a r c h  m o le c u le ,  b e in g  broken by  the
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a c t i o n  o f  a l k a l i .  The n e x t  e f f e c t  i s  to  d im in ish  th e  r e d u c in g  
pow er, a r e s u l t  w hich  i s  v e r y  marked in  the  case  o f  m a lto se  and 
g lu c o s e  ( s e e  T a b le ,  p .  73 ) .  This appears to  be due to  the  de­
s t r u c t i o n  o f  the  m o lec u le  a t  th e  r e d u c in g  group by a l k a l i .  The 
p r o d u cts  thus o b t a in e d  are  o f  a n a tu re  which red uce  F e h l i n g ’s 
s o l u t i o n ,  as was shown by N e f  (2 7 )  and (2 8 )  w orking on th e  s u g a r s ,  
b u t th e y  appear to  have no e f f e c t  on the p o ta ss iu m  f e r r i c y a n id e  
w hich  i s  the b a s i s  o f  th e  Hagedorn Jâ'nsen e s t i m a t i o n .  A s, h ow ever,  
in  the co u rse  o f  m é th y la t io n  m eth y l su lp h a te  presum ably a c t s  s im u l ­
t a n e o u s ly  w ith  the a l k a l i  on a carb oh yd rate  i t  cannot be d e f i n i t e l y  
s t a t e d  t h a t  m é t h y la t io n  w i l l  e f f e c t  so  pronounced a change as the  
above r e s u l t s  im p ly , b u t  the  f a c t  t h a t  in  d e x t r in  the r ed u c in g  
power does in c r e a s e  c o n s id e r a b ly ,  adds f u r t h e r  u n c e r t a in t y  to  the  
d e d u c t io n s  w h ich  may be drawn from th e  fo rm a tio n  o f  t e  trame t h y l  
g lu c o s e  in  c o n s t i t u t i o n a l  s t u d i e s  o f  t h i s  t y p e .
M é th y la t io n  o f  S ta r c h  by D iazom ethan e .
The work w h ich  has j u s t  b e e n  d e s c r ib e d  i n d ic a t e d  the  
p o s s i b i l i t y  t h a t  a p r e l im in a r y  a c é t y l a t i o n  and the u se  o f  d im e th y l  
s u lp h a te  and c a u s t i c  soda as m e th y la t in g  r e a g e n ts  a f f e c t e d  the s t a r c h  
m o le c u le  in  such a way as to  produce t e tr a m e th y l  g lu c o s e  as an a d ­
v e n t i t i o u s  p ro d u ct  o f  h y d r o l y s i s .  There was a l s o  the p o s s i b i l i t y ,  
m en tion ed  in  the  i n t r o d u c t i o n ,  t h a t  the  " r es id u e s"  o b ta in e d  by  
Dr. R u th e r fo r d  were n o t  r e a l l y  p a r t s  o f  s t a r c h  b u t  were form ed in
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seco n d a ry  r e a c t i o n s  which o c c u r r e d  d u rin g  the a c é t y l a t i o n  or 
m é th y la t io n  p r o c e s s .  In  order t o  e l u c i d a t e  t h i s  problem  i t  was 
p ro p o sed  to  m eth y la te  s t a r c h  w i t h o u t  the u se  o f  a l k a l i  or m eth y l  
s u lp h a te  in  order to  determ ine  w h eth er  te  trame t h y l - g l u c o s e  c o u ld  
be o b ta in e d  as  the h y d r o l y s i s  produce o f  a m e th y la te d  s ta r c h  w h ich  
had n e i t h e r  undergone a p r e l im in a r y  a c é t y l a t i o n  nor come in t o  con ­
t a c t  w i t h  a l k a l i  and d im eth y l s u l p h a t e .  I t  was a l s o  p a r t  o f  the 
programme to  determ ine w h eth er  " r e s id u e s"  were p r e s e n t  in  a s t a r c h  
m e th y la te d  in  t h i s  manner. For t h i s  purpose diazome thane was 
em p loyed .
L i t t l e  use has been  made h i t h e r t o  o f  diazome thane as a 
m e t h y la t in g  a g e n t  fo r  th e  p o l y s a c c h a r id e s .  N i e r e n s t e i n  ( 2 9 ) ,  
i n t e r e s t e d  in  th e  m é th y la t io n  o f  in s o lu b le  m a t e r i a l s ,  i n v e s t i g a t e d  
the  m é t h y la t io n  o f  v a r io u s  su b s ta n c e s  in  su s p e n s io n  in  e t h e r .
Among th e se  he in c lu d e d  c e l l u l o s e  and l a t e r  (30) m en tions t h a t  he  
r e a c h e d  a maximum m eth oxy l c o n t e n t  o f  4^ OMe . B i l t z  (3 1 )  d i s ­
c o v e r e d  the  u se  o f  w a te r  as a c a t a l y s t  in  such r e a c t i o n s  and by  
t h i s  means L.Schm id (3 2 )  s u c c e e d e d  in  m e th y la t in g  s o lu b le  s t a r c h  
to  a maximum me th o x y l  c o n t e n t  o f  21% OMe. He f a i l e d ,  how ever, to  
m e th y la te  c e l l u l o s e  b u t  su c c e e d e d  in  the c a se  o f  i n u l i n .  Schmid (3 3 )  
a l s o  h y d r o ly s e d  h i s  m e th y la te d  p r o d u ct  and o b ta in e d  v a r io u s  p a r t ­
i a l l y  m e th y la te d  s u g a r s ,  a r e s u l t  w hich  does n o t  seem to  be o f  
g r e a t  s i g n i f i c a n c e  as  fa r  a s  the  c o n s t i t u t i o n  o f  s t a r c h  i s  c o n c er n e d .
U s in g  a m o d i f i c a t io n  o f  Schmid*s m ethod, v a r io u s  q u a n t i t i e s  
o f  u n t r e a t e d  r i c e  s t a r c h  were m e th y la te d  by means o f  diazome th a n e .
28 .
In each  c a se  m é th y la t io n  s to p p ed  a t  a maximum m eth oxy l c o n te n t  o f  
26 -2 7^  OMe -  a v a lu e  co rresp o n d in g  to  abou t one and a h a l f  m eth y l  
groups per a n h y d r o -g lu c o se  r e s i d u e .  This a r r e s tm e n t  seems to  be 
a d e f i n i t e  p ro p e r ty  o f  the s t a r c h  m o lec u le  and i s  n o t  due t o  p u re ly  
m ec h a n ica l  d i f f i c u l t i e s  as i t  was found p o s s ib l e  to  c a rr y  o u t  the  
o p e r a t io n  o f  m é th y la t io n  in  a system  in  which the m eth y la te d  s ta r c h  
was p a r t i a l l y  in  s o l u t i o n ,  w i t h o u t  e f f e c t i n g  a f u r t h e r  in c r e a s e  in  
the  m eth oxy l c o n t e n t .  An a ttem p t was a l s o  made to  m eth y la te  s ta r c h  
t r i a c e t a t e  by means o f  a s im u lta n eo u s  rem oval o f  the a c e t y l  groups  
w ith  p ip e r id in e  and m é th y la t io n  w ith  diazome thane a f t e r  the manner 
o f  N i e r e n s t e i n ’s m é th y la t io n  o f  c a c h i t i n s  ( 3 4 ) ,  b u t  w ith o u t  s u c c e s s .
S in ce  the  produ ct c o u ld  n o t  be m e th y la te d  fu r th e r  by means o f  
d iazom eth ane , an d , b eca u se  o f  i t s  u n s u i ta b le  s o l u b i l i t i e s  c o u ld  n o t  be  
t r e a t e d  w i t h  the  Purd^e-reagents -  m eth y l io d id e  and s i l v e r  o x id e  -  
th a t  p a r t  o f  th e  programme d e a l in g  w ith  th e  h y d r o ly s i s  o f  a f u l l y  
m e th y la te d  s t a r c h  had to  be abandoned. Nor was i t  found p o s s i b l e ,  
f o r  p u rp oses  o f  com parison , to  m e th y la te  s t a r c h  by d im eth y l  s u lp h a te  
to  a m eth oxy l c o n te n t  o f  about 26^ OMe, s in c e  a t  t h a t  s t a g e  the  p r o ­
du ct was p a r t i a l l y  s o lu b le  in  w ater  and i n s o lu b le  in  o r g a n ic  s o l v e n t s ,  
so t h a t  i t  c o u ld  n o t  be f r e e d  from the in o r g a n ic  b y -p ro d u c ts  formed  
du rin g  m é t h y la t io n .
H y d r o ly s is  o f  P a r t i a l l y  M eth y la ted  S t a r c h ;
The s t a r c h  m eth y la te d  by means o f  diazom ethane to  a m eth­
o x y l  c o n te n t  o f  26^ OMe w as, how ever, q u i t e  s u i t a b l e  fo r  th e  purpose  
o f  i n v e s t i g a t i n g  the n a tu re  o f  the  " r es id u e s"  and, in  p u r s u i t  o f  
t h i s  l i n e  o f  e n q u ir y ,  m eth y la te d  s t a r c h  (26fo OMe) was h y d r o ly s e d
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by  a c i d  m eth y l a l c o h o l  u n t i l  p o la r im e te r  r e a d in g s  w ere c o n s t a n t .
I t  may be p o in t e d  ou t  h e r e  t h a t  t h i s  c o n s ta n c y  o f  r o t a t i o n  i s  no 
g u a ra n tee  t h a t  the  s im u lta n e o u s  r e a c t i o n s  o f  h y d r o l y s i s  and c o n d e n s­
a t i o n  w ith  m e th y la lc o h o l  are a t  an e n d .  This c o n s ta n c y  may be due 
to  th e  f a c t  t h a t  the  e l e v a t i o n  in  r o t a t i o n  ca u sed  by the  change in  
e q u i l ib r iu m  from the f i  to  the form o f  the  g l u c o s i d e s  p r e s e n t  i s  
j u s t  b a la n c e d  by the  d e p r e s s io n  due to  the h y d r o l y s i s  o f  a fu r t h e r  
amount o f  m e th y la te d  s t a r c h .  In d eed  i t  was found t h a t  the r e s i d u e s  
o b t a in e d ,  a l th o u g h  d e f i n i t e l y  more r e s i s t a n t  than the b u lk  o f  the  
m e th y la te d  s t a r c h  c o u ld  be h y d r o ly s e d  c o m p le te ly  by a p ro lo n g ed  
tr e a tm e n t  w ith  a c id  m ethyl a l c o h o l .
The h y d r o ly s i s  p ro d u cts  o f  th e  m e th y la te d  s t a r c h  m en tion ed  
above were s e p a r a te d  in t o  th e  v a r io u s  m e th y la te d  m ethyl g lu c o s id e  
f r a c t i o n s  and a f t e r  a lo n g  s e r i e s  o f  complex o p e r a t io n s  w hich are  
d e s c r ib e d  in  th e  e x p e r im e n ta l  s e c t i o n  th ere  was o b ta in e d  about one 
q u a r te r  o f  the o r i g i n a l  m a t e r ia l  as a n o n -h y d r o ly se d  m a t e r i a l .
A f te r  s e v e r a l  tre a tm en ts  w i t h  the P urd ie  r e a g e n t s  i t  c o u ld  n o t  be 
more f u l l y  m e th y la te d  than 32.8% OMe. On a c é t y l a t i o n  o f  a sm a l l  
p o r t io n  and e s t i m a t i o n  o f  th e  a c e t y l  c o n te n t  i t  was foun d  to  c o n ta in  
5.6% a c e t y l  c a l c u l a t e d  a s  CHjCOOH. From t h i s  we can deduce t h a t  
i f  th e  m a t e r ia l  c o u ld  have been  f u l l y  m e th y la te d  ( i . e .  i f  th e r e  had  
b een  no s t e r i c  h in d r a n c e )  i t  w ould  have 'c o n ta in e d  a fu r th e r  2.8% OMe 
g i v i n g  a t o t a l  m ethoxyl c o n te n t  o f  35.6% OMe. This i s  in  s t r i k i n g  
c o n t r a s t  to  the r e s id u e s  o b ta in e d  by Dr. R u th erfo rd  w hich c o u ld  be  
m e th y la te d  r e a d i l y  t o  a m eth oxy l c o n t e n t  o f  48 -  49% OMe.
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F urther  M é th y la t io n  and H y d r o l y s i s .
In o rd er  t o  co n firm  the r e s u l t  j u s t  o b ta in e d  nam ely , t h a t  
the r e s i d u e s  o b ta in e d  from a s ta r c h  m e th y la te d  by diazom ethane w ere  
r e s i s t a n t  to  m é t h y la t io n ,  th e  work was r e p e a te d  on a l a r g e r  s c a l e ,  
f o l l o w i n g  o u t  a s i m i la r  procedure in  th e  i s o l a t i o n  o f  th e  h y d r o l y s i s  
p r o d u c t s .  On th e  la r g e r  s c a l e  h y d r o l y s i s  seem ed to  take p la c e  more 
e x t e n s i v e l y  and a r e l a t i v e l y  sm a lle r  q u a n t i t y  o f  r e s id u e s  was o b t a i n ­
e d .  "fhe r e s u l t  may be t a b u la t e d .
M eth y la ted  S t a r c h .  (OMe 26*6% )
T rim eth y l R esid u e  A. D im ethyl R esid u e  B Monomethyl R esid u e  G
M ethyl OMe 4 6 .0 #  M ethyl OMe 4 3 .6 #  M ethyl OMe 3 7 .0 #
G lu c o s id e .  a f t e r  G lu co -  a f t e r  G lu c o s id e .  a f t e r
me t h y la  t  i o n . s i d e .  m e th y l-  m e th y l-
a t i o n .  a t i o n .
On a c é t y l a t i o n  o f  r e s id u e  an a c e t y l  c o n te n t  c o r r e sp o n d in g  to  a 
f u r t h e r  4 .0 #  OMe was fo u n d , thus g i v i n g  a t o t a l  m ethoxyl c o n te n t  o f  
4 1 .0 #  OMe. B e a r in g  in  mind t h a t  in  t h i s  c a s e  h y d r o l y s i s  had  
p r o c ee d e d  f u r t h e r  than in  the  p r e v io u s  ex p er im en t  ( th e  t o t a l  r e s id u e s  
am ounting to  o n ly  1 3 .8 #  o f  th e  m e th y la te d  s t a r c h  u s e d )  t h i s  f r a c t i o n  
w ould  appear to  confirm  the p r e se n c e  o f  a p o r t io n  o f  th e  m o lec u le  
w h ich  n o t  o n ly  was r e s i s t a n t  to  h y d r o l y s i s ,  b u t  a l s o  c o u ld  n o t  be
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m e th y la te d  or a c e t y l a t e d  to  the e x t e n t  r e q u ir e d  to  c o rr esp o n d  w ith  
the v a lu e s  fo r  a f u l l y  m e th y la te d  or a c e t y l a t e d  a n h y d r o -g lu c o s e .
I t  d i f f e r e d  t h e r e f o r e  in  t h i s  l a t t e r  p o in t  from th o se  r e s i d u e s  
o b ta in e d  from s t a r c h  m e th y la te d  by d im eth y l  s u lp h a t e ,  and such  an 
e f f e c t  m igh t be due e i t h e r  to  s t e r i c  h in d ra n ce  or  to  the  f a c t  th a t  
some o f  the  h y d ro x y l  groups were n o t  f r e e  fo r  the r e c e p t i o n  o f  
s u b s t i t u e n t  groups b u t  were b lo c k e d  by  some form o f  i n t e r n a l  l i n k a g e .
A fu r th e r  ex a m in a t io n  was c a r r i e d  o u t  o f  the r e s i d u e s  ’*A'* 
and w h ic h , h a v in g  a p p ro x im a te ly  the  same m ethoxyl c o n t e n t  and 
s p e c i f i c  r o t a t i o n ,  were b u lk e d  and m e th y la te d  a g a in ,  r e a c h in g  a 
f i n a l  m eth o xy l c o n te n t  o f  4 6 .2 ^  OMe. A sm all  p o r t io n  was a c e t y l a t e d  
and th e  a c e t y l  c o n t e n t  co rresp on d ed  to  a fu r th e r  2 .5 ^  OMe g i v in g  a 
t o t a l  m ethoxyl c o n te n t  o f  4 8 .7 ^  OMe, w hich  i s  very  much the same as  
the v a lu e s  o b t a in e d  by Dr. R u th e r fo r d .  The rem a in in g  m a t e r ia l  was 
h y d r o ly s e d  by p r o lo n g e d  tre a tm en t  w i t h  a c id  m eth y l a l c o h o l  and  
y i e l d e d  th e  f o l l o w i n g  p r o d u c t s .
Re s i d u e .
2 - 3 - 4 - 6  T etram eth y l  
g l u c o s e .
2 - 3 - 6  T r im eth y l  
g l u c o s e .
Dime t h y l  
g lu c o s e  •
The th r ee  p rod u cts  were p r e s e n t  in  a p p r o x im a te ly  e q u lm o le -  
c u la r  p r o p o r t io n s  -  a r e s u l t  which co rresp o n d s  q u a l i t a t i v e l y  w i t h  
th a t  o b t a in e d  by Dr. R u th e r fo r d , who, how ever, found t h a t  the r a t i o
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was t e t r a :  t r i :  d i  a s  1 : 2 : 1 .  E i t h e r  r e s u l t  im p l ie s  the p r e se n c e
o f  g ro u p in g s  in  t h e  s t a r c h  m o lec u le  s i m i l a r  to  th o s e  d e s c r ib e d  on 
p .  14 . The s m a l l  s c a l e  on w hich th e  a u t h o r ’ s work had o f  n e c e s s i t y  
to  be done may w e l l  a c c o u n t  fo r  th e  n u m er ica l  d is c r e p a n c y .  The 
m a t e r ia l  i n  the d im e th y l  g lu c o s e  f r a c t i o n  had a m eth oxy l c o n te n t  o f  
o n ly  38.5/0  OMe compared w i t h  4 2 .0 ^  r e q u ir e d  f o r  d im eth y l m eth y l  
g l u c o s i d e ,  a r e s u l t  w h ich  i s  n o t  s u r p r i s i n g ,  a s  the  m a te r ia l  from  
w hich  i t  was p rep a red  was shown by a c é t y l a t i o n  ( s e e  above p .  3 1 )  
to  be 2 .5 ^  OMe s h o r t  o f  com plete  m é t h y la t io n .
3 3 .
BENZOYLATION OP STARCH.
As a r e s u l t  o f  t h e  work d e s c r ib e d  a b o v e ,  th e re  rem ained  
the p o s s i b i l i t y  th a t  the  " r e s id u e s"  o b ta in e d  were due to  th e  s p e c i f i c  
a c t i o n  o f  a c i d  m eth y l a l c o h o l ,  a p r o c e s s  w h ich  in v o lv e s  c o n s e c u t iv e  
d e p o ly m e r is a t io n ,  h y d r o l y s i s  and c o n d e n s a t io n  w i th  th e  s o l v e n t .
In o r d e r  t o  s e t t l e  t h i s  q u e s t io n  i t  was n e c e s s a r y  to  f i n d  some o th e r  
means o f  graded h y d r o l y s i s  and to  examine th e  p rodu cts  t h e r e o f .
V arious a u th o rs  have a p p l i e d  a c e t y l  C h lo r id e  or bromide to  
p o ly s a c c h a r id e s  as a h y d r o l y t i c  a g e n t .  M ichael (3 4 )  u se d  i t  as  an 
a c e t y l a t i n g  a g e n t  on s t a r c h ,  the  p ro d u ct  b e in g  a p a r t l y  h y d r o ly s e d  
a c e t y l a t e d  d e x t r i n .  Skraup (3 5 )  u s in g  a c e t i c  anh ydride  s a t u r a t e d  
w it h  hydrogen  c h lo r id e  foun d  t h a t  s o lu b le  s t a r c h  was s lo w ly  h y d ro ­
l y s e d  through the d e x t r in  s t a g e  to  g iv e  a c e t y l - c h i o r o - m a l t o s e  and 
t e t r a - a c e t y l - c h l o r o - g l u c o s e ,  th e  co m p lete  r e a c t i o n  ta k in g  about  
fo u r  m onths. Bergmann (3 6 )  fou n d  t h a t  s t a r c h  t r e a t e d  w ith  a c e t i c  
an h yd rid e  and hydrobrom ic a c i d  y i e l d e d  a c e t y l - b r o m o - g lu c o s e ,  a 
compound w h ich  he a l s o  o b ta in e d  from m a lto se  b y  tre a tm en t  w ith  th e  
above r e a g e n t s .  Z e ch m eis te r  (3 7 )  found t h a t  when s t a r c h  i s  h e a t e d  
in  a s e a l e d  tube w ith  com m ercial a c e t y l  brom ide he o b ta in e d  a 75^  
y i e l d  o f  a c e t o - b r o m - g lu c o s e . On the o th e r  hand, Karrer (3 8 )  in  a 
s e r i e s  o f  p ap ers  has d e s c r ib e d  the  use  o f  a c e t y l  c h lo r id e  as a 
h y d r o l y t i c  a g e n t  on v a r io u s  s t a r c h e s ,  d e x t r in s  and a m y lo s e s .  He 
c la im s  to  have o b ta in e d  a q u a n t i t a t i v e  y i e l d  o f  ace to -b ro m o -m a lto se
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from s t a r c h  and an e q u a l  amount from m a lto se  -  w hich i s  n o t  h y d r o ly s ­
e d  by th e s e  r e a g e n t s .  He r e g a r d s  t h i s  e v id e n c e  as b e in g  s t r o n g l y  
in  fav ou r  o f  the  v iew  t h a t  s t a r c h  i s  e n t i r e l y  composed o f  a s e r i e s  
o f  m a lto se  u n i t s .
The p r e s e n t  au th or  d e c id e d  to  employ a s u b s t i t u t e d  s t a r c h  
in  h i s  graded h y d r o l y s i s  e x p e r im e n ts ,  fo r  two r e a s o n s .  F i r s t ,  a 
s u b s t i t u t e d  s t a r c h  would be more e a s i l y  h a n d led  and the r e a c t i o n  
more amenable to  c o n t r o l  than in  th e  case  o f  u n s u b s t i t u t e d  s t a r c h ;  
and s e c o n d ,  i f  s u b s t i t u e n t  groups c o u ld  be o b ta in e d  o f  a n a tu re  
such t h a t  th e y  would n o t  be a f f e c t e d  b y  the h y d r o ly s in g  a g e n t  then  
e v id e n c e  would be o b ta in e d  b e a r in g  on the t h i r d  p a r t  o f  the programme 
o f  r e s e a r c h  -  nam ely the v a l i d i t y  o f  th e  m é th y la t io n  method as a 
guide  to  c o n s t i t u t i o n  -  by  a com parison o f  th e  p ro d u cts  o b ta in e d  
from the  h y d r o l y s i s  o f  t h i s  s u b s t i t u t e d  s t a r c h  w i t h  th ose  o b ta in e d  
from th e  h y d r o l y s i s  o f  a m e th y la te d  s t a r c h .
The method f i r s t  a d o p ted  was to  t r e a t  s t a r c h  t r i - a c e t a t e  
in  ch lo ro fo r m  s o l u t i o n  w i t h  hydro-brom ic  a c id  and g l a c i a l  a c e t i c  
a c i d ,  b u t  t h i s  p r o c e s s  gave v ery  poor y i e l d s .  The n e x t  s t e p  was 
to  employ the t r i - b e n z o a t e  o f  s t a r c h ,  w hich on tr e a tm e n t  w i t h  
hydrobrom ic a c i d  and g l a c i a l  a c e t i c  a c i d  was h y d r o ly s e d  sm ooth ly  
w ith  l i t t l e  d e c o m p o s it io n ,  g iv in g  a lm o st  t h e o r e t i c a l  y i e l d s  o f  
p r o d u c t s .  As th e  bromo d e r i v a t i v e s  th u s  o b ta in e d  are  so m eto a t  
u n s t a b le  th e y  were c o n v e r te d  to  the co rr esp o n d in g  m ethyl s a c c h a r id e .  
A m eth oxyl e s t i m a t i o n  then f u r n is h e d  a c o n v e n ie n t  i n d i c a t i o n  o f  the  
e x t e n t  o f  th e  h y d r o ly s i s  w h ich  had accom panied b r o m -b e n z o y la t io n .
5 5 .
The r e a c t i o n  ta k in g  p la c e  may be r e p r e s e n t e d  a s ; -
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2 - 3 - 6  T r i-b e n z o y l  4 men­
ace t y l  ^  m ethyl g l u c o s i d e .
The b e n z o a te s  fo r  t h i s  purpose  were p rep ared  in  the f i r s t  
in s ta n c e  from v a r io u s  r e g e n e r a t e d  s t a r c h e s  o b ta in e d  by  s a p o n i f i c a t i o n  
o f  d e x t r in  a c e t a t e s ,  and l a t t e r l y  from r i c e  s t a r c h  i t s e l f .
P r e v io u s  Work on B e n z o a te s  o f  S ta r c h .
I t  may be rem arked t h a t  v e r y  l i t t l e  work has p r e v io u s l y  
b een  done on the  b e n z o a te s  o f  s t a r c h  and d e x t r i n s .  Cross (3 9 )  and  
h i s  c o -w o rk ers  p rep ared  a b e n z o a te  o f  s t a r c h  by t r e a t i n g  w ith  
b e n z o y l  c h lo r id e  the a d d i t i o n  compound formed by s t a r c h  and c a u s t i c  
a l k a l i .  L a te r ,  I .  G. P arben ind (4 0 )  took  o u t  a p a t e n t  fo r  th e  
p r e p a r a t io n  o f  the l a u r a t e ,  b e n z o a te ,  and o th e r  f a t t y  a c i d  e s t e r s  
o f  s t a r c h  b y  th e  a c t i o n  o f  th e  a c i d  h a l i d e s  and 30^ a l k a l i  on the  
ca rb o h y d ra te  .
A f t e r  the  c o n c lu s io n  o f  th e  p r e s e n t  r e s e a r c h  two pap ers were
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p u b l i s h e d  by H ess (4 1 )  in  w h ich  he d e s c r ib e s  the  p r e p a r a t io n  o f  a 
t r ib e n z o a t e  o f  s t a r c h  by  the  a c t i o n  o f  b e n z o y l  c h lo r id e  on s t a r c h  
s w e l l e d  w i t h  p y r i d i n e .  In a s i m i la r  manner he p repared  th e  t r i ­
para t o lu e n e  su lp h cn a te  o f  s t a r c h  and s u b j e c t e d  i t  t o  a d e g r a d a t io n  
w it h  h yd ro-b rom ic  a c id  and g l a c i a l  a c e t i c  a c i d ,  f o l lo w e d  by c o n v e rs io n  
to  the  (?> m eth y l s a c c h a r id e s ,  thus w ork ing  on l i n e s  v e r y  s i m i la r  to  
th o se  d e s c r ib e d  in  t h i s  t h e s i s .  He i s o l a t e d  2 - 3 - 6  t r i - p a r a -  
to lu e n e  s u lp h o n y l  4 -m o n a c ety l  m eth y l g lu c o s id e  thus p r o v in g  the  
v a l i d i t y  o f  th e  m é t h y la t io n  p r o c e s s ,  a view w h ich  i s  con firm ed  by  
the  r e s u l t s  o b ta in e d  by the p r e s e n t  a u th o r  w orking  w ith  the b e n z o a te  
o f  s t a r c h .
Treatm ent o f  B en zo a tes  o f  S ta r c h  and D e x t r in .
The method em ployed by the  p r e s e n t  au th or  was to  b en zcjia te  
the  d e x t r i n  or s t a r c h  by  means o f  b e n z o y l  c h lo r id e  and c a u s t i c  so d a ,  
and th e n  to  s u b j e c t  the prod u ct o f  t h i s  r e a c t i o n  to  a fu r th e r  b e n z o y l ­
a t i o n  w ith  b e n z o y l  c h lo r id e  and p y r i d i n e .  This y i e l d e d  a p ro d u ct  
w h ich  on a n a l y s i s  v/as fo u n d  to  be e s s e n t i a l l y  a s t a r c h  t r i - b e n z o a t e .
A c o n s id e r a b le  amount o f  p r e l im in a r y  work was done on the  b e n z o a te s  
from d i f f e r e n t  d e x t r in s  and s t a r c h e s  under v a r y in g  c o n d i t io n s  in  
ord er  to  e s t a b l i s h  the most s u i t a b l e  p r o c e d u r e .  I t  was foun d  th a t  
a s t a r c h  b e n z o a te  was h y d r o ly s e d  much more s lo w ly  by tre a tm en t  w i t h  
hydrobrom ic a c id  and g l a c i a l  a c e t i c  a c i d  than was the  b e n z o a te  
o b t a in e d  from  a " r e g e n e r a te d  s t a r c h " .  This may be due e i t h e r  to
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the more h i g h l y  p o ly m e r ise d  form o f  a s t a r c h  b e n z o a t e ,  or to  th e  
f a c t  t h a t  th e  " r e g e n e r a te d  sta rch "  has a lr e a d y  b een  p a r t i a l l y  
h y d r o ly s e d  in  a c é t y l a t i o n .
A c o m p a r a t iv e ly  sm a ll  s c a l e  ex p er im en t was c a r r i e d  through  
on a b e n z o a te  from " r e g e n e r a te d  s ta r c h "  in  ord er  to  determ ine  w h eth er  
any r e s i d u e s  were p r e s e n t .  The b e n z o a te  was degraded and c o n v e r te d  
to  the m eth y l compound under the  s ta n d a r d  c o n d i t io n s  d e s c r ib e d  in  
the  e x p e r im e n ta l  s e c t i o n .  There was o b ta in e d  a sm a ll  q u a n t i t y  o f  
c r y s t a l l i n e  m a t e r ia l  the c o m p o s it io n  o f  w hich i s  d i s c u s s e d  on p .  41 
The r e m a in in g  syrup  was d e b e n z o y la te d ,  m e th y la te d  s e v e r a l  t im es and  
d i s t i l l e d  on the h ig h  vacuum pump. About one h a l f  o f  th e  m a t e r ia l  
had been  d egrad ed  to  the m onosacchar ide  s t a g e  and d i s t i l l e d  over  as  
pentaraeth y l g l u c o s e .  Thus : -
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There rem ained  in  the f l a s k  a r e s id u e  c o n s i s t i n g  o f  a hard g l a s s  w ith  
a m eth oay l c o n t e n t  o f  5 2 ,4 ^  OMe.
F u rth er  Dégradât io n  E xp er im en ts  on S ta r c h  B e n z o a t e .
S in c e  t h i s  ex p e r im en t  i n d ic a t e d  th a t  h i ^ e r  s a c c h a r id e s  and 
p o s s i b l y  " r e s id u e s"  were p r e s e n t ,  two p a r a l l e l  ex p er im en ts  w ere carr ied
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o u t  on a l a r g e  s c a l e  -  one i n  w h ich  the  d e g r a d a t io n  was over  a 
p e r io d  o f  14 d a y s , the  o th e r  f o r  100 d a y s ,  th e  l a t t e r  b e in g  d e s ig n e d  
to  t e s t  the r e s i s t a n c e  o f  th e  r e s i d u e s ,  i f  p r e s e n t ,  t o  p r o lo n g e d  
t r e a t m e n t .  In th e  tr e a tm e n t  o f  s h o r t  d u r a t io n  th e  m a t e r ia l  was 
d eg rad ed  under th e  u s u a l  c o n d i t i o n s  and about one s e v e n th  o f  th e  
p r o d u c t  c r y s t a l l i s e d  and was fou n d  to  c o n s i s t  o f  2 - 3 - 6  t r i b e n z o y l  
4 m o n -a c e ty l  jS  m ethyl g l u c o s i d e ,  t o g e t h e r  w i t h  a sm a l l  q u a n t i t y  
o f  2 - 6  d i - b e n z o y l  3 - 4  d i a c e t y l  f i  m ethyl g lu c o s id e  ( s e e  p .  ) .
The n o n - c r y s t a l l i s a b l e  syrup r em a in in g  from the above r e a c t i o n s  
was t r e a t e d  in  th e  manner d e s c r ib e d  in  the e x p e r im e n ta l  s e c t i o n  
p . ^ ^  and y i e l d e d  f i n a l l y  a r e s i d u e  r e p r e s e n t in g  a b o u t  23^ o f  th e  
o r i g i n a l  s t a r c h  w hich a f t e r  m é t h y la t io n  was a hard  g l a s s  w i t h  a 
maximum m eth oxy l c o n te n t  o f  48% OMe. A sm a l l  p o r t io n  was a c e t y l a t e d  
and on e s t i m a t i o n  was fou n d  to  have an a c e t y l  va lu e  w h ich  r e p r e s e n t e d  
a f u r t h e r  1.7% OMe, g i v i n g  a t o t a l  m ethoxyl c o n te n t  o f  49.7%.
This product was h y d r o ly s e d  by means o f  a c i d  m ethyl a l c o h o l  
under th e  same c o n d i t io n s  a s  were em ployed fo r  th e  h y d r o l y s i s  o f  the  
" r e s id u e s "  from s t a r c h  m e th y la te d  b y  means o f  d iazo m eth an e . The 
p r o d u c ts  w ere -
Re 3 idue .
2 - S - 4 - 6  T etram eth y l 2 - 3 - 6  T r im eth y l D im ethyl
G lu co se  G lu cose  G lu c o s e s .
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The d ia m e th y l  g l u c o s e ,  l i k e  the d iaraethyl su g a rs  from the  
h y d r o l y s i s  o f  the ’’r e s i d u e s ” o b t a in e d  in  the  d iazom ethane work, had  
a l O Y /  m eth oxyl c o n t e n t  e v en  a f t e r  p u r i f i c a t i o n ,  OMe = 3 4 .3 ^  in  
p la c e  o f  4 2 .0 ^ ,  the  t h e o r e t i c a l  v a lu e  f o r  a d im eth y l m eth y l g l u c o s i d e .  
A ls o ,  as b e f o r e ,  and d i f f e r i n g  in  t h i s  p o i n t  from Dr. R u th e r fo r d 's
r e s u l t s ,  t e t r a m e t h y l ,  t r  ime t h y l  and d im e th y l  g l u c o s e s  were o b ta in e d
in  a p p r o x im a te ly  e q u im o le c u la r  p r o p o r t io n s  .
A t t e n t io n  was nov/ tu rn ed  to  the s t a r c h  b e n z o a te  w h ich  had  
been  s u b j e c t e d  t o  a p r o lo n g e d  tr e a tm e n t  w ith  hydrobrom ic a c i d  and 
g l a c i a l  a c e t i c  a c i d .  I t  was p u t  through  the  same s e r i e s  o f  o p e r ­
a t io n s  as  t h a t  undergone by th e  " s h o r t  treatm en t"  m a t e r ia l  and  
y i e l d e d  a " res id u e"  w h ich  was once more a g l a s s ,  h ard er  than  in  the  
p r e v io u s  c a se  and h a v in g  a m eth oxy l c o n t e n t  o f  44.1% OMe. A c é t y l a t ­
io n  o f  a p o r t io n  and e s t i m a t i o n  o f  th e  a c e t y l  c o n t e n t  gave a v a lu e
r e p r e s e n t i n g  a f u r t h e r  3.2% OMe and a t o t a l  m eth ox y l c o n t e n t  o f
45.7%. F u r th e r ,  the q u a n t i t y  o f  r e s i d u e  o b ta in e d  r e p r e s e n t s  about  
30% o f  th e  o r i g i n a l  s t a r c h .  This m a t e r i a l  was h y d r o ly s e d  under  
s ta n d a r d  c o n d i t io n s  w i t h  th e  r e s u l t s  shown b e lo w .
Re s idue
2 - 3 - 4 - 6  T etram eth y l 2 - 3 - 6  T r im eth y l D im ethyl
G lu cose  G lucose  G lucose
On t h i s  o c c a s io n  th e  r a t i o  d f  the  r e s p e c t i v e  su g a rs  was a b o u t  
3 : 5 : 3 ,  and, as  b e f o r e ,  the m eth oxy l c o n t e n t  o f  the d im eth y l
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m eth y l g lu c o s id e  f r a c t i o n  was lo w , 3 9 .0 ^  OMe i n s t e a d  o f  4 2 .0 ^  OMe
C o n tro l D eg ra d a tio n  o f  M a lto s e .
At th e  same time a c o n t r o l  ex p er im en t  was c a r r i e d  o u t  to  
a s c e r t a i n  the e f f e c t  on m a lto se  o c ta b e n z o a te  o f  p r o lo n g e d  tre a tm en t  
w it h  hydrobrom ic a c i d  and g l a c i a l  a c e t i c  a c i d .  M altose  o c ta b e n z ­
o a te  was p rep a red  a s  a w h ite  amorphous powder by trea tm en t  o f  
m a lto se  w ith  b e n z o y l  c h lo r id e  under the same c o n d i t io n s  as those  
em ployed in  th e  b e n z o y la t io n  o f  s t a r c h .  P a r t  o f  the m a t e r ia l  ob­
t a in e d  was c o n v e r te d  to  h e p ta b e n z o y l  m ethyl m a lto s id e  and deben-  
z o y l a t e d  to  g iv e  m ethyl m a l t o s i d e .  The rem ainder was s u b j e c t e d  
to  d e g r a d a t io n  w i t h  hydrobrom ic a c i d  and g l a c i a l  a c e t i c  a c i d  under 
the s ta n d a r d  c o n d i t io n s  f o r  s i x t y  d a y s .  I t  was found th a t  the 
m a lto se  was a lm o s t  c o m p le te ly  h y d r o ly s e d  to  g lu c o s e  d e r i v a t i v e s  
th u s  show ing t h a t  th e  " r e s id u e s"  o b ta in e d  from th e  p a r a l l e l  e x ­
p e r im e n ts  w i t h  s t a r c h  were n o t  m ere ly  m a lto se  b u t  som eth ing  o f  a 
more complex and r e s i s t a n t  n a t u r e .
A n a ly s i s  o f  D im ethyl G lu c o s e s .
During th e  h y d r o l y s i s  o f  the " r e s id u e s"  o b ta in e d  from  
b o th  the " s h o r t  trea tm en t"  and " long  treatm en t"  o f  s t a r c h  b e n z o a te  
th ere  was form ed a s  d e s c r ib e d  a b ove , p .  38 and 3 9 ,  a sm a ll  q u a n t i t y  
o f  d im e th y l  g l u c o s e s .  These were b u lk e d  and th e  amount o f  m a te r ia l  
w it h  the 6 -  p o s i t i o n  f r e e  e s t i m a t e d .  This was done by the method
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o f  Oldham and R u th erfo rd  (2 4 )  w hich  in v o lv e s  th e  p r e p a r a t io n  o f  the  
p a r a to lu e n e  su lp h o n y l  d e r i v a t i v e ,  i t s  c o n v e r s io n  t o  the  6 m ono-iodo  
compound and the e s t i m a t i o n  o f  the io d in e  c o n t e n t  by c o n v e r s io n  to  . 
the n i t r a t e .  (See I n t r o d u c t io n ,  p . / 3 ) .  I t  was found t h a t  24^ o f  
the m ixed  d im eth y l m ethyl g l u c o s i d e s  were u n s u b s t i t u t e d  in  p o s i t i o n  
6 , a r e s u l t  w h ich  a g r e e s  e x a c t l y  w i t h  t h a t  o b t a in e d  by Dr. R u th er­
fo r d  fo r  the d im eth y l m ethyl g l u c o s i d e s  w h ich  sh e  o b ta in e d  from  
the " r e s i d u e s " .
There was n ot s u f f i c i e n t  m a t e r ia l  t o  e n a b le  c o n d e n sa t io n s  
w it h  a c i d  a c e to n e  t o  be c a r r i e d  o u t  in  order  t o  com plete  the  a n a l ­
y s i s  o f  t h e  m ixture  and determ ine  th e  q u a n t i t i e s  o f  each  d im e th y l  
g lu c o s e  p r e s e n t .
C r y s t a l l i n e  M a te r ia l  O b ta in ed .
There must now be c o n s id e r e d  th e  c r y s t a l l i n e  m a t e r ia l  
w hich was o b ta in e d  in  v a r y in g  q u a n t i t i e s  in  e v e r y  c a s e ,  sav e  one,  
o f  th e  d e g r a d a t io n  e x p e r im en ts  j u s t  d e s c r ib e d .  This c r y s t a l l i n e  
m a t e r ia l  c o n s i s t e d  o f  tv;o su b s ta n c e s ,  "A'* and in  much s m a l le r  
q u a n t i t y ,  "B" . They c o u ld  be s e p a r a te d  w i t h  d i f f i c u l t y  s in c e  
th e r e  was a s l i g h t  d i f f e r e n c e  in  t h e i r  s o l u b i l i t i e s  in  a b s o lu te  
a l c o h o l  and u l t i m a t e l y  pure sp ec im en s o f  ea ch  were o b t a in e d .
I t  was e x p e c te d  t h a t  A was 2 - 3 - 6  t r i b e n z o y l  4 m o n -a c e ty l  
^  m eth y l  g l u c o s i d e  s i n c e ,  assum ing the l in k a g e s  in  s t a r c h  b etw een  
a n h y d r o -g lu c o s e  u n i t s  t o  be in  the 1 - 4  or 1 -5  p o s i t i o n  the r e a c t i o n
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would be a s  shown in  the form ula on p . 3 6 .  The r e s u l t s  o f
a n a l y s i s  a g r e e d  w i t h  the  s u p p o s i t io n  th a t  th e  compound was a t r i ­
b e n z o y l  m o n -a c e ty l  m ethyl g lu c o s id e  and i t  was d e c id ed  to  sy n ­
t h e s i s e  2 - 3 - 6  t r ib e n z o y l  4 m o n -a c e ty l  / S  m eth y l g l u c o s i d e .
S y n t h e s i s  o f  2 - 3 - 6  T r ib en zo y l 4 M on -acety l /S m e th y l  g l u c o s i d e .
Levene and Raymond (4 2 )  s t a t e  t h a t  th e y  o b t a in e d  the su b ­
s ta n c e  by th e  f o l lo w in g  r e a c t i o n s : -
m ethyl g l u c o s i d e .
Benz a ld e h y d e .
V
4 -6  B en zy l  ide ne /o m ethyl g l u c o s i d e .
I B e n z o y la t io n .
2 -3  D ib en zoy l 4 -6  B e n z y lid e n e  m ethyl g l u c o s i d e .
Removal o f  B e n z y lid e n e  grou p .
2 -3  D i b e n z o y l m e t h y l  g l u c o s i d e .
On tre a tm en t  w i t h  one m o le c u la r  p r o p o r t io n  o f  b e n z o y l -  
c h lo r id e  t h i s  i s  s a i d  to  g iv e  2 - 3 - 6  t r i b e n z o y l  me t h y l  g l u c o s i d e ,  
w h ich  on a c é t y l a t i o n  g iv e s  2 - 3 - 6  t r ib e n z o y l  4 m o n -a c e ty l  me t h y l  
g l u c o s i d e .  There w as , hov/ever the p o s s i b i l i t y  th a t  b e n z o y la t io n  
o f  2 -3  d ib e n z o y l  / i  m eth y l g lu c o s id e  w ould g iv e  2 - 3 - 4  t r ib e n z o y l
m ethyl g l u c o s i d e ,  w h ich  on a c é t y l a t i o n  w ould  g iv e  2 - 3 - 4  t r ib e n z o y l  
-  6 m o n -a c e ty l  m ethyl g l u c o s i d e .  Thus : -
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0 ànoBz
CHOBz
r- CHOMe 
CHOBz 
ilHGBz
JîHOH 
\
U  CH 
CH^ OH
E it h e r
CHOMe
CHOBz
CH
èH^OH
2 - 3 - 4  T r ib en zo y l  /5 m ethyl  
g l u c o s i d e .
2 -3  d ib e n z o y l  /S m ethyl  
g lu c o s id e  .
B e n z o y la t io n
or
CHOMe
CHCBz
0 CHOBz
CHOH
L CH 
6h . OBz
2 - 3 - 6  T r ib e n z o y l  /3 m eth y l  
g l u c o s i d e .
In view  o f  t h i s  a m b ig u ity  i t  was d e c id e d  to  p rep a re  the  
r e q u ir e d  compound from 2 - 3 - 6  t r i b e n z o y l  4 n i t r a t e  m eth y l g l u c o s i d e  
some o f  th e  compound in  th e  form o f  a syrup was p r o v id e d  by Dr. 
J.W.H.Oldham o f  t h i s  L a b o ra to r y , to  whom the author  w is h e s  to  e x ­
p r e s s  h i s  thanks . This compound, a f t e r  a f u r th e r  b e n z o y l a t io n  to  
en su re  t h a t  i t  was f u l l y  b e n z o y la t e d ,  was d e n i t r a t e d  and a c e t y l a t e d  
g i v in g  a c r y s t a l l i n e  compound w h ich  in  i t s  constants a g r e e d  w i t h
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th o se  o f  2 - 3 - 6  t r i b e n z o y l  4 m on acety l m ethyl g lu c o s id e  a s  g iv e n  
by Levene and Raymond. ih e  r e a c t i o n  may be shown th u s  : -
r
0
I
CHOMe
CHOBz
f
CHOBz
CHONO.
I ^
ÇH
CH^OBz
2 - 3 - 6 -  t r i b e n z o y l  4 
n i t r a t e  /6  m eth y l g l u ­
c o s i d e  .
r  CHOMe 
I
I CHOBz 
0 ' ^ CHOBz 
GHOH 
L_GH 
CH^OBz
2 - 3 - 6 -  t r i b e n z o y l  
/ 3  me t h y l  g l u c o s ­
id e  .
— CHOMe 
I
CHOBz 
I
I CHOBz 
CHOAc
L ch
CH^OBz
2 - 3 - 6  t r i b e n z o y l  
4 m on acety l  /S  
m ethyl g l u c o s i d e .
A m ixed m e l t in g  p o in t  and a com parison o f  i t s  p h y s i c a l  
c o n s t a n t s  p r o v e d  i t s  i d e n t i t y  w i t h  th e  c r y s t a l s  "A" d e r iv e d  from  
s t a r c h  b e n z o a t e .
P r e p a r a t io n  o f  2 - 6  d ib e n z o y l  3 - 4  d i a c e t y l  
/ S  m ethyl g l u c o s i d e .
ih e  c r y s t a l s  “B” on a n a l y s i s  gave v a lu e s  which i n d ic a t e d  
t h a t  t h e y  were a d i b e n z o y l - d i a c e t y l  m eth y l g l u c o s i d e .  A stu d y  o f  
th e  c o n s t a n t s  s u g g e s t e d  t h a t  i t  was 2 - 6  d ib e n z o y l  3 - 4  d i a c e t y l  
m eth yl g l u c o s i d e ,  w hich  had b een  s y n t h e s i s e d  b y  B r i g l  and Or fiber (43). 
A q u a n t i t y  o f  t h i s  compound was p r e p a r ed  and a m ixed  m e l t in g  p o in t  
and a com parison  o f  the  p h y s i c a l  c o n s t a n t s  p r o v e d  i t s  i d e n t i t y  w i t h  
the c r y s t a l s  ’*B” .
C on tro l Experim ent on G lu cose  P e n t a b e n z o a te .
There rem ained  the  q u e s t io n  o f  w h eth er  the p r e se n c e  o f
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2 -6  d ib e n z o y l  3 - 4  d i a c e t y l  /3  m eth y l g lu c o s id e  was due to  a dehen-  
z o y l a t i n g  a c t i o n  o f  hydrobrom ic a c id  and g l a c i a l  a c e t i c  a c i d  f o l l o w ­
ed  by a c é t y l a t i o n ,  or due to  an in c o m p le te n e ss  in  th e  b e n z o y la t io n  
o f  th e  o r i g i n a l  s t a r c h  b e n z o a t e .
A c o n t r o l  exp er im en t was c a r r i e d  ou t w i t h  a v iew  t o  t e s t i n g  
th e se  a l t e r n a t i v e s .  P en ta b e n z o y l  g lu c o s e  was t r e a t e d  fo r  100 days  
under s ta n d a r d  c o n d i t io n s  and t h e r e  r e s u l t e d  a q u a n t i t a t i v e  y i e l d  
o f  t e t r a b e n z o y l  / 8  m ethyl g lu c o s id e  and no o th e r  compound, thus  
p r o v in g  t h a t  no d é b e n z o y la t io n  had ta k en  p l a c e .
On a c c o u n t  o f  th e  d i f f i c u l t y  o f  s e p a r a t in g  from each  o th e r  
the c r y s t a l s  "A" and a d i r e c t  measurement co u ld  n o t  be made o f  
the r e l a t i v e  q u a n t i t i e s  in  w h ich  th e y  were p r e s e n t  in  the  m ix tu re  
o f  crude c r y s t a l s .  Hov/ever, s i n c e  th e y  had w id e ly  d i f f e r e n t  s p e c i f i c  
r o t a t i o n s  a d e te r m in a t io n  o f  the s p e c i f i c  r o t a t i o n  o f  th e  crude  
m ix tu r e  o f  c r y s t a l s  showed t h a t  t h e y  were p r e s e n t  in  th e  approxim ate  
r a t i o  o f  f i v e  o f  "A" to  one o f  • I f  i t  may be assum ed th a t  t h e  
c o m p o s it io n  o f  the n o n - c r y s t a l l i s a b l e  p o r t io n  o f  the s t a r c h  b e n z o a te  j 
d e g r a d a t io n  p rod u cts  had the same r e l a t i v e  c o m p o s it io n  as th e  m ix tu re  I
i
o f  c r y s t a l s ,  th en  t h i s  r a t i o  o f  5 : 1  im p l ie s  a d e f i c i e n c y  o f  about 
4% in  th e  b e n z o y l  c o n t e n t  o f  th e  o r i g i n a l  s t a r c h  b e n z o a t e .  In pointj  
o f  f a c t  a n a l y s i s  had shown th a t  th e  maximum b e n z o y l  c o n te n t  t o  w h ich  
s t a r c h  c o u ld  be b e n z o y la te d  was a b o u t  95 to  96^ o f  th e  t h e o r e t i c a l  
v a lu e  f o r  a t r i b e n z o y l  s t a r c h .  I t  w ou ld  th e r e f o r e  appear th a t  
t h i s  e x p la n a t io n  i s  c o r r e c t .
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DISCUSSION OF RESULTS.
C o n s id e r a t io n  may now be g iv e n  to  the  b e a r in g  o f  the  
r e s u l t s  on the c o n s t i t u t i o n a l  problem s m en tion ed  in  the i n t r o ­
d u c t io n  to  t h i s  t h e s i s .
I .  The i s o l a t i o n  o f  a c o m p a r a t iv e ly  la r g e  q u a n t i t y  o f  2 - 3 - 6  
t r i b e n z o y l  4 m o n a cety l  ^ m e th y l  g l u c o s i d e  from th e  h y d r o l y s i s  
p r o d u cts  o f  s t a r c h  b e n z o a te  w ould  appear t o  e s t a b l i s h  f i r m l y  the  
p o s i t i o n s  o f  the l in k a g e s  betw een a n h y d r o -g lu c o se  u n i t s  in  th e  
s t a r c h  m o le c u le  as 1 -4  or 1 - 5 .  I t  i s  m ost u n l i k e l y  th a t  two such  
d i s s i m i l a r  groups as b e n z o y l  and m e th y l ,  i f  th e y  m ig ra ted  sh o u ld  do 
so in  e x a c t l y  the  same manner. I t  must be n o te d ,  h ow ever , th a t  
t h i s  r e s u l t  does n o t  remove th e  a m b ig u ity  o f  w h eth er  the l in k a g e s  
are 1 -4  or  1 - 5 .  (See  I n t r o d u c t io n ,  p . 2 ) .
I I .  The r e s u l t s  o f  th e  i n v e s t i g a t i o n  o f  the a c t i o n  o f  a c e t y l a t i n g  
a g e n ts  on s t a r c h  show c l e a r l y  th a t  in  th e  u s u a l  p r o c e s s e s  em ployed ,  
a c e r t a i n  amount o f  h y d r o l y s i s ,  as w e l l  a s  d e p o ly m e r is a t io n  tak es  
p l a c e .  The main e v id e n c e  in  favour  o f  t h i s  view i s  (1 )  the  
s t e a d y  breakdown o f  the  m o lecu le  when p u t  through th e  c y c l e  -  
a c é t y l a t i o n  -  d e a c e t y l a t i o n  -  a c é t y l a t i o n  -  and ( 2 )  the r e s u l t s
o f  th e  e s t i m a t i o n  o f  the r e d u c in g  power o f  th e  v a r io u s  d e x t r in s  
as compared w ith  s t a r c h .  F u r th e r ,  the  f a c t  t h a t  no e x t e n s i v e  
f r a c t i o n a t i o n  o f  t h e s e  d e x t r in s  c o u ld  be c a r r ie d  o u t  shov/s th a t  
the r e d u c in g  power m easured i s  a c t u a l l y  th a t  o f  th e  d e x t r in  and
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n o t  t h a t  o f  v a r io u s  d e c o m p o s it io n  p r o d u c ts  adm ixed w i t h  i t .  I t  
may be n o te d  i n  p a s s in g  t h a t  a r e d u c t io n  in  th e  su lp h u r  y  1 c h lo r id e  
c o n c e n tr a t io n  in  the  B a r n e t t  p r o c e s s  g i v e s  a p r o d u c t  in  w h ich  the  
minimum o f  h y d r o l y s i s  h a s  tak en  p l a c e .  "There must t h e r e f o r e  r e ­
main c o n s id e r a b le  doubt as t o  the v a l i d i t y  o f  th e  u se  o f  s t a r c h  
a c e t y l a t e d  by  th e  o r d in a r y  p r o c e s s e s  fo r  c o n s t i t u t i o n a l  s t u d i e s  in  
which th e  app earance  o f  t e  tram eth y l  g lu c o s e  i s  r e g a r d e d  a s  s i g n i f i ­
c a n t ,  and where the  y i e l d  o f  t h i s  sugar i s  u s e d  a s  the  b a s i s  o f  
c a l c u l a t i n g  the l e n g t h  o f  the c h a in  o f  a n h y d r o -g lu c o se  g r o u p s .
1 1 1 . Turning now to  th e  q u e s t io n  o f  the  " r e s id u e s ” we may compare 
th e  p r o p e r t i e s  o f  r e s i d u e s  from w id e ly  d i f f e r i n g  s o u r c e s ; -  (1 )  
o b t a in e d  b y  Dr. R u th e r fo r d  from s t a r c h  p a r t i a l l y  m e th y la te d  by 
d im e th y l  s u lp h a te  a f t e r  a p r e l im in a r y  a c é t y l a t i o n ;  ( 2 )  o b t a in e d  
by th e  p r e s e n t  au th or  from  s t a r c h  p a r t i a l l y  m e th y la te d  by d i a z o -  
me thane ; and ( 3 )  from s t a r c h  b e n z o a t e .  The s p e c i f i c  r o t a t i o n s  
o f  th e  v a r io u s  f u l l y  m e th y la te d  r e s id u e s  had  a f a i r l y  c l o s e  a g r e e ­
ment -  a l l  l y i n g  b e tw een  = 4- 9 0 °  and [^3j^ = -h 110°
w h i l e  the  m eth o x y l  c o n t e n t s  were a l s o  a lm o st  u n ifo rm , l y i n g  b e tw een  
4 5 .7 ^  OMe and 4 9 .7 ^  OMe -  e x c e p t  in  th e  c a se  o f  th e  d iazom ethane  
r e s i d u e s  (S ee  p .  3 0 ) .  The t h e o r e t i c a l  v a lu e  fo r  a f u l l y
m e th y la te d  a n h y d r o -g lu c o s e  i s  4 5 .5 ^  OMe and f o r  h e p ta m e th y l  m ethyl  
m a lt o s id e  53.5% OMe. The com p lete  h y d r o l y s i s  o f  th e  r e s i d u e s  
showed t h a t  th e y  w ere o f  s i m i l a r  c o n s t i t u t i o n  s i n c e  in  a l l  c a s e s  
th e  h y d r o l y s i s  p r o d u c ts  were t e  trame t h y l  g l u c o s e ,  t r im e th y l  g l u ­
c o se  and d im e th y l  g lu c o s e  in  r o u ^ l y  e q u im o le c u la r  p r o p o r t i o n s .
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Owing to  th e  sm a ll  s c a l e  on w hich th e s e  f i n a l  s t a g e s  o f  the work  
had to  be c a r r i e d  o u t  and the com plex n a tu r e  o f  th e  p r o c e s s e s  i n ­
v o lv e d ,  a q u a n t i t a t i v e  agreenont c o u ld  s c a r c e l y  be e x p e c t e d .
V/hen we compare the q u a n t i t i e s  o f  r e s i d u e s  o b ta in e d  we 
f i n d  t h a t  Dr. R u th e r fo r d ’s r e p r e s e n t e d  2 6 .5 ^  o f  th e  o r i g i n a l  
s ta r c h :  th o s e  from the d iazom ethane work 25^ in  one p r e p a r a t io n
and 13.8% in  a n o th er  on a l a r g e r  s c a l e :  th o se  from s t a r c h  b en zo a te
w e re ,  a f t e r  s h o r t  t r e a tm e n t ,  23%; a f t e r  a lo n g  tr e a tm e n t ,  32%.
This l a t t e r  r e s u l t  im m ed ia te ly  s u g g e s t s  the p o s s i b i l i t y  o f  sy n ­
t h e s i s ;  but when one c o n s id e r s  t h a t  the c h a r a c t e r i s t i c s  and the  
c o m p o s i t io n  o f  the s ta r c h  b e n z o a te  r e s i d u e s  were e s s e n t i a l l y  the  
same a s  th o se  from o th er  s o u r c e s ,  i t  seems v e r y  im probable th a t  
such v e r y  s i m i l a r  compounds c o u ld  be s y n t h e s i s e d  under such  v ery  
d i s s i m i l a r  c o n d i t i o n s .  I t  i s  s u g g e s t e d  t h e r e f o r e  t h a t  t h i s  r e ­
s u l t  may be a t t r i b u t e d  to  a la c k  o f  s t r i c t  u n i fo r m it y  in  the  e x ­
p e r im e n ta l  c o n d i t i o n s ,  b e a r in g  in  mind th a t  th e  d i f f e r e n c e  in  
r e s i s t a n c e  to  h y d r o l y s i s  b e tw een  th e  b u lk  o f  th e  s ta r c h  and the  
• ' r e s i s t a n t  p o r t io n "  i s  n o t  a b s o lu t e  b u t  m ere ly  one o f  d e g r e e .
There rem ains th e  o u t s t a n d in g  f a c t  t h a t  r e s i d u e s  o f  a 
s i m i l a r  n a tu re  were o b ta in e d  from a s e r i e s  o f  e x p e r im en ts  under  
v a r y in g  c o n d i t i o n s  which in  turn c u t  out t h e  v a r io u s  p o s s i b i l i t i e s  
o f  s y n t h e s i s  or fo rm a tio n  o f  the r e s i d u e s  in  secon dary  r e a c t i o n s ,  
and i t  w ould  appear t h a t  the " r e s id u e s"  are d e f i n i t e  components o f  
the  s t a r c h  m o l e c u l e .
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IV. As to  th e  a c t u a l  s t r u c t u r e  o f  t h e s e  r e s i d u e s ,  t h e r e  i s  i n ­
s u f f i c i e n t  e v id e n c e  to  form more than  s p e c u l a t i v e  h y p o t h e s e s .
The i s o l a t i o n  o f  t e t r a - ,  t r i - ,  and d i -m e th y l  g l u c o s e s  in  approx­
im a t e ly  e q u im o le c u la r  p r o p o r t io n s  im p l ie s  t h a t  the  r e s i d u e  c o n s i s t s  
o f  o n ly  a few g lu c o s e  u n i t s ,  p ro b a b ly  th ree  or fo u r ,  s i n c e  i f  
th e r e  were a l a r g e r  number th e r e  w ou ld  be formed a h ig h e r  p r o p o r t io n  
o f  t r im e t h y l  g l u c o s e ,  r e l a t i v e  to  th e  amounts o f  t e  trame t h y l  and  
d im eth y l  g l u c o s e .  Thus : -
0 b 
b
L b 
b
0  — Ç
0 Tf
L g
A p p ro x im a te ly  e q u im o le c u la r  
p r o p o r t i o n s .
0
Ls 0 —  rQ 0 c
L-C
u  c n
l I
Larger p r o p o r t io n  o f  
t r im e t h y l  g l u c o s e .
The te tr a m e t h y l  g lu c o s e  may a r i s e  from two s o u r c e s  : -
(1 )  Assum ing f o r  th e  moment t h a t  the  r e s id u e  c o n s i s t s  o f  a c lo s e d  
r in g  sy s tem  su ch  a s  t h a t  o f  Formula I I  p .  5 ,  the  p a r t i a l  h y d r o l y s i s  
o f  t h i s  w ou ld  g iv e  r i s e  to  a s t r u c t u r e  such as Formula I I I  p .  5 ,  
w hich  on m é t h y la t io n  and h y d r o l y s i s  w ou ld  y i e l d  t e t r a m e th y l  g l u c o s e .  
The p r o b a b i l i t y  o f  the  r e s id u e  c o n s i s t i n g  e n t i r e l y  o f  an open c h a in  
sy stem  i s  n o t  g r e a t  a s  i t  i s  d i f f i c u l t  to  e n v i s a g e  the fo rm a tio n
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o f  d im e th y l  g l u c o s e s  from su ch  a sy s te m .
( 2 )  ih e  m e th y la te d  r e s i d u e s  may c o n s i s t  o f  some su ch  s t r u c t u r e  
as  shown below : -
IV.
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w h ich  a l s o  w ou ld  g iv e  r i s e  to  t e t r a m e t h y l  g l u c o s e .  S in c e  th e  
amount o f  t e t r a m e th y l  g lu c o s e  o b ta in e d  from the  r e s id u e  i s  ab ou t
5-7^0 o f  th e  o r i g i n a l  s t a r c h  and the  amount o f  t e tr a m e th y l  g lu c o s e  
o b t a in e d  from th e  h y d r o l y s i s  o f  a s t a r c h  f u l l y  m e th y la te d  w i t h o u t  
a p r e l im in a r y  a c é t y l a t i o n  i s  o n ly  about Z% i t  i s  e v id e n t  t h a t  a 
c e r t a i n  amount o f  th e  t e t r a m e t h y l  g lu c o s e  h as  a r i s e n  from p a r t i a l  
h y d r o l y s i s  o f  the  r e s i d u e s .  T h is ,  how ever , does n o t  p r e c lu d e  the
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p o s s i b i l i t y  o f  some o f  th e  t e t r a m e th y l  g lu c o s e  b e in g  an in h e r e n t  
p a r t  o f  th e  r e s i d u e s .  T h is  h y p o t h e s i s  i s  su p p o r te d  by th e  f a c t  
t h a t  the  r e s id u e  from s t a r c h  b e n z o a te  s u b j e c t e d  t o  a "lo n g  t r e a t ­
ment” had a m e th o x y l  c o n t e n t  when f u l l y  m e th y la te d  o f  45.7^0M e, 
w hich  i s  a lm o st  th e  v a lu e  f o r  a c l o s e d  r in g  s t r u c t u r e  w ith  an  
a v erage  o f  th r e e  m eth y l  groups p e r  a n h y d r o -g lu c o se  u n i t .  S in c e  
th e r e  are  p o t e n t i a l  d im eth y l  g lu c o s e s  in  the r e s i d u e ,  th e re  must 
b e ,  in  ord er  to  b a la n c e  t h e s e  and g iv e  the  a v era ge  v a lu e  f o r  a 
t r im e t h y l  a n h y d r o - g lu c o s e ,  some p o r t io n  o f  th e  m o le c u le  w hich  can  
g iv e  r i s e  to  t e t r a m e t h y l  g l u c o s e .
V. The e f f e c t  on t h e  r e s i d u e s  o f  a p r e l im in a r y  a c é t y l a t i o n  o f  
th e  s t a r c h  from w h ich  th e y  a r e  d e r iv e d  i s  n o t  w i t h o u t  i n t e r e s t .  
S in ce  the r e s i d u e s  o b t a in e d  by Dr. R u th e r fo r d  had undergone t h i s  
tr e a tm e n t  and s i n c e  the  p r e s e n t  a u th o r  a l s o  o b ta in e d  r e s id u e s  from  
a b e n z o a te  o f  a " r e g e n e r a te d  s t a r c h ” i t  w ould  seem th a t  a c é t y l a t i o n  
does n o t  d e s t r o y  them . But on com p arison  o f  t h e s e  r e s i d u e s  w hich  
have been  t r e a t e d  w i t h  a l k a l i  w i t h  th o s e  o b ta in e d  from th e  d ia z o ­
me thane m ethod, where th e y  ha ve  n ev er  come in t o  c o n t a c t  w i th  a l k a l i  
we f i n d  a n o te w o r th y  d i f f e r e n c e .  The f i r s t  c l a s s  o f  r e s id u e  
m e th y la te s  r e a d i l y  to  about 45% OMe. The o th e r  c l a s s ,  from th e  
diazome thane m ethod , c o u ld  n o t  be m e th y la te d  above a v a lu e  o f  
35.6^0 OMe in  one c a s e ,  and 41.0% OMe in  a n o th e r .  A p o s s i b l e  e x ­
p l a n a t io n  o f  t h i s  phenomenon m ight be th e  e x i s t e n c e  in  s t a r c h  o f  
some ty p e  o f  se c o n d a r y  l in k a g e  w h ich  i s  d e s t r o y e d  by a l k a l i  bu t
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w h ich  i s  s t a b l e  to  m ild e r  r e a g e n t s  such  as d iazom ethane or s i l v e r  
o x id e  and m eth y l i o d i d e .
These h y p o t h e t i c a l  l in k a g e s  may be co n c er n e d  w ith  th e  
undoubted  r e s i s t a n c e  o f  p o s i t i o n  3 t o  e n t e r in g  g r o u p s .  Dr. R u th er ­
f o r d ,  w o r k in g  w ith  m eth y l d e r i v a t i v e s ,  found t h a t  p o s i t i o n  3 was 
the  l a s t  to  be m e t h y la te d .  S i m i l a r l y  the  p r e s e n t  a u th or  found  
among th e  h y d r o l y s i s  p r o d u c ts  o f  s t a r c h  b e n z o a te  some 2 - 6  d ib e n z o y l
3 - 4  d i a c e t y l  m eth y l g l u c o s i d e  in  a q u a n t i t y  w hich  a g r e e d  w i t h  the  
s u p p o s i t i o n  t h a t  th e  s t a r c h  b e n z o a te  was m er e ly  96% b e n z o y l a t e d .
The i s o l a t i o n  o f  the  above compound i n d i c a t e s  s t e r i c  h in d r a n c e  in  
p o s i t i o n  3 .  C l o s e l y  c o n n e c te d  w i th  t h i s  m a tter  i s  the  c o m p o s i t io n  
o f  th e  m ix tu r e  o f  d im e th y l  m eth y l g l u c o s i d e s  o b t a in e d  from th e  
r e s i d u e s .  Dr. R u th e r fo r d  fou n d  t h a t  24/^ o f  the d im eth y l  su g a r s  
w h ich  she o b t a in e d  from p a r t i a l l y  m e th y la te d  s t a r c h  were un su b­
s t i t u t e d  in  the  6 p o s i t i o n .  T his r e s u l t  was a l s o  o b ta in e d  f o r  
th e  m ix tu re  o f  d im e th y l  g lu c o s e s  r e s u l t i n g  from the  h y d r o l y s i s  o f  
th e  " r e s i d u e s ’*. The p r e s e n t  a u th or  fou n d  t h a t  th e  d im e th y l  
g l u c o s e s  o b t a in e d  from th e  r e s i d u e s  from s ta r c h  b e n z o a te  a l s o  c o n ­
t a i n e d  24^ o f  d im e th y l  g lu c o s e s  u n s u b s t i t u t e d  in  p o s i t i o n  6 .  This  
agreem en t i s  rem arkable  when th e  d i f f e r e n t  trea tm en t  o f  the  two 
p r o d u c ts  i s  c o n s i d e r e d .  I t  seems to  i n d i c a t e  t h a t  the  cause  r e s ­
p o n s i b l e  i s  some d e f i n i t e  s t r u c t u r a l  arrangem ent w i t h i n  th e  s t a r c h  
m o le c u le  and n o t  th e  secon d ary  l in k a g e s  s u g g e s t e d  as th e y  w ould  
n e c e s s a r i l y  be o f  an u n s ta b le  and v a r y in g  c h a r a c t e r .  I t  may 
p o s s i b l y  r e s u l t  from  a m ixture  o f  two such  s t r u c t u r e s  as are  g iv e n
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in  Formulae IV and V, ( p .  5 0 ) .  Ttie p o r t i o n  o f  th e  m o le c u le  w hich  
w ould g iv e  r i s e  to  the d im e th y l  su g a r s  i s  marked A.
V I. F i n a l l y ,  the e x i s t e n c e  o f  t h e s e  " r e s id u e s"  i s  e v id e n c e  in  
favour  o f  a c lo s e d  r in g  sy s tem  o f  a s m a l l  number o f  g lu c o s e  
r e s i d u e s .  I t  h as  b een  shown t h a t  th e  p r e se n c e  o f  t e t r a m e t h y l  
g lu c o s e  among th e  h y d r o l y s i s  p r o d u c ts  o f  m e th y la te d  s t a r c h  i s  n o t  
c o n c lu s iv e  e v id e n c e  t h a t  the m o le c u le  o f  s ta r c h  h a s  a lo n g  c h a in  
s t r u c t u r e  s in c e  th e  t e t r a m e t h y l  g lu c o s e  may a r i s e  from th e  e f f e c t s  
o f  the p r e l im in a r y  a c é t y l a t i o n ,  from th e  m é t h y la t io n  p r o c e s s ,  or  
be p r e s e n t  as a p a r t  o f  the  s t r u c t u r e  o f  the  r e s i d u e s .
SUMivIARY OF RESULTS.
We may now summarise the r e s u l t s  o b t a i n e d : -
I .  The p o s i t i o n  o f  the l i n k a g e s  b e tw een  a n h y d r o -g lu c o se  u n i t s  in  
the  s t a r c h  m o lec u le  h a s  been  d e f i n i t e l y  e s t a b l i s h e d  a s  1 -4  or 1 - 5 .
I I .  The p r e se n c e  o f  " r e s id u e s"  or p o r t i o n s  o f  the m o lec u le  o f  
s t a r c h  d i s p l a y i n g  a g r e a t e r  r e s i s t a n c e  to  h y d r o l y s i s  than the  
rem ainder o f  the m o lec u le  h as  d e f i n i t e l y  been p r o v e d .  This  
r e s id u e  i s  p r e s e n t  t o  the e x t e n t  o f  a b o u t  25% o f  th e  t o t a l  m o l e c u l e .
I I I .T h e  u n sym m etr ica l  n a tu re  o f  t h e s e  r e s i d u e s  h a s  b een  d em o n stra ted  
i . e . ,  t h e i r  OH groups are d i s t r i b u t e d  u n e q u a l ly  among th e  c h a i n s .
IV. I t  h as  been  shown t h a t  the a c é t y l a t i o n  o f  s t a r c h  a lm o s t  i n e v i t ­
a b ly  e n t a i l s  a c e r t a i n  amount o f  h y d r o l y s i s ,  and a l s o  h as  an e f f e c t
on the n a tu re  o f  th e  " r e s id u e s " .  The a t te m p t  t o  i s o l a t e  the  " b a s ic  
o f  s ta r c h
u n i t " /b y  means o f  graded  h y d r o l y s i s  was n o t  s u c c e s s f u l .
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V. The r e s u l t s  o b t a in e d  ten d  to  su p p o rt  th e  v iew  t h a t  th e  s t a r c h  
m o lec u le  c o n s i s t s  o f  a r e l a t i v e l y  sm a l l  number o f  g lu c o s e  u n i t s .
V I. There r e m a in s ,  h o w ev er , a v a s t  amount o f  work to  be  done on 
the  e l u c i d a t i o n  o f  th e  p r e c i s e  n a tu r e  o f  th e  r e s id u e s  and i t  h a s  
been  found  t h a t  the problem  o f  th e  c o n s t i t u t i o n  o f  the s t a r c h  
m o le c u le  i s  i n f i n i t e l y  more com plex than i t  was o r i g i n a l l y  su p p osed  
to  b e .
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GENERAL WORKING METHODS.
In o r d e r  t o  s i m p l i f y  the t e x t  and t o  a v o id  d i s t u r b in g  
the argument by  r e p e t i t i o n  o f  e x p e r im e n ta l  d e t a i l s  a s y n o p s is  i s  
g iv e n  below  o f  g e n e r a l  w orking  m eth o d s .
(1 )  A c e t y l  E s t i m a t i o n s : 0 .1  to  0 .2  g . o f  su b s ta n c e  were d i s s ­
o lv e d  in  40 C C S . a c e to n e  and 20 c c s . NaOH run in  s l o w l y .
The m ix tu re  was b o i l e d  f o r  10 m in u tes  and th e  e x c e s s  o f  a l k a l i  
b a c k - t i t r a t e d  w i t h  ^  H Cl. A b la n k  was c a r r i e d  o u t  on the  
a c e t o n e .  I f  r e d u c in g  m a t e r ia l  were p r e s e n t  i t  ten d ed  t o  make 
the r e s u l t s  h ig h e r  than the c o r r e c t  v a lu e .
( 2 )  A c é t y l a t i o n  w i th  P y r id in e  and A c e t i c  A n h yd rid e : The r e a g e n t s
u s e d  w e r e : -  150% o f  the t h e o r e t i c a l  q u a n t i t y  o f  a c e t i c  anhydride  
r e q u ir e d  f o r  a c é t y l a t i o n  t o g e t h e r  w i t h  dry p y r id in e  in  s u f f i c i e n t  
q u a n t i t y  to  more than n e u t r a l i s e  the  a c e t i c  anhydride u s e d .  The
su b s ta n c e  to  be a c e t y l a t e d  was d i s s o l v e d  in  the  p y r i d i n e ,  the a c e t i c
anh ydride  added and the m ix tu re  a l lo w e d  to  s ta n d  o v e r n ig h t  a t  room 
t e m p e r a tu r e .  I t  was th en  poured i n t o  benzene and w a te r  and the  
b enzene  l a y e r  w ashed th r e e  t im es w i t h  d i l u t e  h y d r o c h lo r ic  a c id  and  
tw ice  w i t h  d i l u t e  sodium h y d r o x id e .  I t  was d r ie d  over  sodium s u l ­
ph ate  and ta k e n  to  d r y n e s s .
( 3 )  B en zo y l E s t i m a t i o n s : From 0 .1  to  0 .2  g . o f  m a t e r ia l  were
EXPERIMENTAL,
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w eighed  o u t  and mixed w ith  25 c c s .  ^  sodium m e th y la te .  T h is  
was b o i l e d  under a r e f l u x  f o r  15 m in u tes  when 30 c c s .  d i s t i l l e d  
w ater  were added down th e  cond en ser  and th e  m ix tu re  b o i l e d  f o r  a 
f u r t h e r  15 m in u te s .  The e x c e s s  a l k a l i  was th en  back- t i t r a t e d  
w ith  ^  h y d r o c h lo r ic  a c id .
(4) B e n z o y la t io n  o f  C a rb o h yd ra tes .
(a )  S c h o t t en Baumen M ethod. 5 g . m a t e r ia l  were d i s s o l v e d  
in  150 C C S .  o f  10;  ^ sodium hyd rox id e . (In  th e  c a s e  o f  s t a r c h  i t  was 
b e s t  to  make i t  i n t o  a p a s t e  w ith  a l i t t l e  w ater  b e fo r e  adding to  
th e  a l k a l i . )  To t h i s  m ix tu re  were added 1 7 .5  g . b e n z o y l  c h lo r id e  
and th e  w hole  shaken v ig o r o u s ly  u n t i l  th e  s m e l l  o f  b e n z o y l  c h lo r id e  
had v a n is h e d .  I t  was d i l u t e d  w ith  w ater  and th e  p r e c i p i t a t e d  
b e n z o a te  washed s e v e r a l  t im e s  w ith  w a ter  by d é c a n t a t io n .  I t  was 
th en  f i l t e r e d  and d r i e d .
(b) P y r id in e  Method. 10 g .  m a t e r ia l  were d i s s o l v e d  
i n  40 C C S .  o f  dry p y r id in e  and to  t h i s  were added, s lo w ly  and w ith  
c o o l i n g ,  35 c c s .  o f  b e n z o y l  c h lo r id e  and th e  m ix tu re  was a l lo w ed  to  
s tan d  o v e r n ig h t .  A few drops o f  w ater  were then added u n t i l  a 
homogeneous sy s tem  was formed, th e  m ix tu re  b e in g  k e p t  c o o l  m eanw hile ,  
and i t  was th en  poured i n t o  w a te r .  The w ater  was e x t r a c t e d  t w ic e  
w ith  c h lo ro fo r m  and th e  ch lo ro fo rm  e x t r a c t  washed f i r s t  w ith  h yd ro­
c h l o r i c  a c id  and th e n  w ith  sodium h y d r o x id e .  In order  to  p u r i f y  
th e  m a t e r ia l  f u r t h e r  th e  ch lo ro fo rm  s o l u t i o n  was red uced  in  bu lk  
somewhat and poured i n t o  a la r g e  e x c e s s  o f  84^ a l c o h o l  from which
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th e  b e n z o a te  s e p a r a te d  a s  a w h ite  powder. T h is  was f i l t e r e d ,  
washed w ith  84^ a l c o h o l ,  and d r ie d  on th e  w ater  h ath  a t  lOO^C.
(5) Graded H y d r o ly s is  o f  a M eth y la ted  S ta rch  by Acid Methyl 
A lc o h o l . T h is  h y d r o l y s i s  was c a r r ie d  out under th e  same c o n d i t ­
io n s  a s  th o s e  em ployed by Dr. R u th er fo rd  in  h e r  h y d r o l y s i s  o f  
s ta r c h  p a r t i a l l y  m e th y la te d  by th e  d im e th y l  su lp h a te  method 
(Ph.D. t h e s i s ,  S t .  Andrews).
5 g .  m a t e r i a l  were m ixed w ith  150 c c s .  m ethyl a l c o h o l .
To t h i s  were added 50 c c s .  m eth y l a l c o h o l  in  w hich 2 .0  g .  hydro­
c h l o r i c  a c id  g as  had been d i s s o l v e d ,  and the  m ix tu re  b o i l e d  under  
a r e f l u x  f o r  seven  h o u r s .  The m e th y la te d  s t a r c h  q u ic k ly  formed  
a c lo u d y  s o l u t i o n ,  w hich l a t t e r l y  became c l e a r  a s  the  h y d r o l y s i s  
p ro ceed ed . O b se r v a t io n s  o f  th e  r o t a t i o n s  o f  th e  s o l u t i o n  were  
taken u n t i l  th e  f i n a l  v a lu e s  were c o n s t a n t .  The s o l u t i o n  was 
n e u t r a l i s e d  w ith  p o ta ss iu m  b ic a r b o n a te  and tak en  to  d r y n e ss .
T h is  m a t e r ia l  was th e n  se p a r a te d  i n t o  th e  v a r io u s  m eth y la te d  g lu c o s e s
(6) S e p a r a t io n  o f  M eth y la ted  G lu c o s e . The method u sed  was t h a t  
worked o u t by Dr. J ,  T. Macdonald o f  t h i s  la b o r a to r y  and h as  been  
d e s ig n e d  to  e f f e c t  a sharp s e p a r a t io n  o f  th e  v a r io u s  c o n s t i t u e n t s .
(a ) T e tra m eth y l G lucose  from T r i - ,  D i - ,  and Mono-methyl 
K lu c o s e ; 1 g .  o f  th e  m a t e r ia l  m en tion ed  above in  (5) was d i s s o l v e d
in  25 C C S .  w a ter  and e x t r a c t e d  f i v e  t im e s  w ith  ch loro form , 25 c c s ,  
o f  ch loro form  b e in g  u sed  f o r  each  e x t r a c t i o n .  The ccmbined
5 8 .
ch lo ro fo rm  e x t r a c t s  were washed once w i t h  25 c c s .  w a te r .  This 
w ater  was then  e x t r a c t e d  f i v e  t im es  w ith  25 c c s .  ch lo ro fo rm  and t h i s  
e x t r a c t  added to  the  o r i g i n a l  ch loro form  e x t r a c t .  The w a ter  was 
added to  t h e  o r i g i n a l  s o l u t i o n  (A) w h ich  had been  e x t r a c t e d  w ith  
c h lo r o fo r m . The ch lo ro fo r m  c o n t a in s  pentam ethy l g lu c o s e  and  
t r im e th y l  m eth y l g l u c o s i d e s  in  97% y i e l d  to g e th e r  w i th  3% d im eth y l  
m ethyl g l u c o s i d e .  The w ater  c o n ta in s  3% tr im e th y l  m eth y l g lu c o s id e  
and p en ta m eth y l g lu c o s id e  and 97% o f  d im eth y l m ethyl g l u c o s i d e ,  
as w e l l  as  monomethyl and m ethyl g l u c o s i d e s ,  i f  p r e s e n t .  The 
ch lo ro fo rm  e x t r a c t  was d r i e d  over sodium s u lp h a te  and taken  to  d r y ­
n e s s  . I t  was then  h y d r o ly s e d  by b o i l i n g  fo r  2 hours w i t h  20 c c s . 
o f  8% aqueous h y d r o c h lo r ic  a c i d .  The s o l u t i o n  (B) was th en  
n e u t r a l i s e d  w i t h  barium  carb onate  -  the  e x c e s s  barium carb on ate  
f i l t e r e d  o f f  and the s o l u t i o n  e x t r a c t e d  w ith  ch lo ro fo rm  a s  d e s c r ib e d  
a b o v e .  The c h lo r o fo r m  e x t r a c t  was d r ie d  over sodium s u lp h a te  and 
taken  t o  d r y n e s s .  This c o n s t i t u t e d  the t e tr a m e th y l  g lu c o s e  f r a c t i o n ,  
(b ) T r im eth y l g lu c o s e  from d i -  and mono- m eth y l g l u c o s e . 
S o lu t io n  B ( s e e  a b o v e )  was tak en  t o  dryness and the r e s id u e  e x t r a c t e d  
r e p e a t e d ly  w i t h  h o t  a c e t o n e .  The a c e to n e  was taken  to  dryness  and 
th e  p ro d u ct  d i s s o l v e d  in  a l i t t l e  dry e t h e r ,  f i l t e r e d  f r e e  from i n ­
o r g a n ic  m a t e r ia l  and ta k en  to d r y n e s s .  This c o n s t i t u t e d  the t r i ­
m eth y l g lu c o s e  f r a c t i o n .
( c )  D im ethyl g lu c o s e  and Monomethyl G lu c o s e . To S o lu t io n  
A ( s e e  a b o v e )  was added p o ta ss iu m  carb on ate  u n t i l  the  s o l u t i o n  was 
a lm o st  as dense  as c h lo r o fo r m . I t  was e x t r a c t e d  f i v e  t im es w i t h
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c h lo ro fo rm , the  ch lo ro fo rm  e x t r a c t  d r ie d  over  sodium su lp h a te  and  
the s o l u t i o n  tak en  t o  d r y n e s s .  This c o n s t i t u t e d  th e  d im eth y l  
g lu c o s e  f r a c t i o n  in  th e  form o f  th e  m ethyl g l u c o s i d e .  The p o ta ss iu m  
b ic a r b o n a te  s o l u t i o n  s t i l l  c o n ta in e d  monomethyl m ethyl g lu c o s id e  and 
p o s s i b l y  m ethyl g l u c o s i d e .  A s l i g h t  e x c e s s  o f  t a r t a r i c  a c id  was 
added and th e  p o ta ss iu m  hydrogen  t a r t r a t e  f i l t e r e d  o f f .  The e x c e s s  
t a r t a r i c  a c id  was removed b y  ad d ing  l e a d  a c e t a t e  in  s l i ^ t  e x c e s s .
The l e a d  t a r t r a t e  was f i l t e r e d  o f f  and th e  rem a in in g  l e a d  removed  
by p a s s in g  in  s u lp h u r e t t e d  h y d r o g e n . There r e s u l t e d  th e r e f o r e  a 
s o l u t i o n  w hich  c o n ta in e d  in  a d d i t io n  to  th e  sugar d e r i v a t i v e s ,  o n ly  
a c e t i c  a c id  and s u lp h u r e t t e d  h y d ro g en . I t  was taken  to  d ry n ess  and  
the  prod u ct e x t r a c t e d  w ith  a c e t o n e .  This e x t r a c t  c o n ta in e d  the  
monomethyl m eth y l g l u c o s i d e .  The r e s id u e  v/as e x t r a c t e d  w i th  a l c o ­
h o l  and the a l c o h o l  e x t r a c t  c o n ta in e d  m ethyl g l u c o s i d e .
( 7 ) I s o l a t i o n  and Treatment o f  "R esidues"  from M eth y la ted  S t a r c h .
A f te r  h y d r o l y s i s  and s e p a r a t io n  as d e s c r ib e d  above [ (5 )  and(iÿ) 
the  v a r io u s  f r a c t i o n s  were m e th y la te d  s e v e r a l  t im es  by the m eth y l  
io d id e  method u n t i l  a c o n s t a n t  r e f r a c t i v e  in d ex  showed th a t  m é th y l­
a t i o n  was c o m p le te .  The p r o d u c t  was then d i s t i l l e d  in  th e  h ig h  
vacuum pump and the c o n s t a n t s  o f  d i s t i l l a t e '  and r e s id u e  n o t e d .  In 
s e v e r a l  c a s e s  the t r im e th y l  m eth y l and d im e th y l  m eth y l f r a c t i o n s  
were d i s t i l l e d  w i t h o u t  a p r e l im in a r y  m é t h y la t io n .  The s t i l l -  
r e s i d u e s  were then  s u b j e c t e d  t o  a f u r t h e r  th r e e  m é th y la t io n s  by th e  
m ethyl io d id e  method and s u b j e c t  to  a fu r t h e r  d i s t i l l a t i o n  to  remove
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the l a s t  t r a c e s  o f  p en tam eth y l g l u c o s e .  They were then  h y d r o ly s e d  
by b o i l i n g  fo r  24 h ou rs  in  5$ s o l u t i o n  w ith  1% a c id  m ethyl a l c o h o l .
The p r o d u c ts  were th e n  s e p a r a te d  ou t  a s  d e s c r ib e d  above ( p .  5 7 . ) .
(8 )  Treatm ent o f  B e n z o a te s  w i t h  Hydrobromic
A c id  and G la c i a l  A c e t i c  A c id  under S tandard  C o n d i t io n s .
5 g . b e n z o a te  were d i s s o l v e d  in  20 c c s .  o f  a 50^ s o l u t i o n  o f  H B r . 
in  g l a c i a l  a c e t i c  a c i d  and the w hole  made up to  100 c c s .  w i th  c h lo r o ­
form . The f l a s k  was s e a l e d  and a l lo w e d  to  s ta n d  a t  room tem per­
a tu r e  fo r  the  r e q u i s i t e  t im e .  The l i q u i d  was washed tw ic e  w i t h  w a te r  
and tw ic e  w i t h  p o ta s s iu m  b ic a r b o n a te  s o l u t i o n  and d r ie d  over sodium  
s u l p h a t e .  I t  was th en  shaken w ith  30 c c s .  m ethyl a l c o h o l  and 6 g .  
s i l v e r  c a rb o n a te  fo r  fo u r  h o u r s ,  when a t e s t  showed t h a t  com p lete  
s u b s t i t u t i o n  o f  the  combined bromine in  p o s i t i o n  1 had taken p l a c e .
I t  was th en  f i l t e r e d  and taken t o  d r y n e s s .
(9 ) D é b e n z o y la t io n  o f  B e n z o a t e s .
5 g .  m a t e r ia l  were d e b e n z o y la te d  a s  f o l lo w s  : -  About 0 .3  g . 
p o ta s s iu m  m eta l were w eigjied  o u t  a c c u r a t e l y  and d i s s o l v e d  in  10 c c s .  
m ethyl a l c o h o l .  This was added t o  the b en zo a te  d i s s o l v e d  in  20 c c s .  
m ethyl a l c o h o l ,  and th e  m ixture  warmed g e n t l y  fo r  a few m in u te s .
‘30 C C S .  w ater  w ere  added and the m ix tu re  d i s t i l l e d  u n t i l  th e  d i s t i l l ­
a t e  came over  c l e a r ,  thus showing t h a t  a l l  the m ethyl b e n z o a te  had  
b een  s t e a m - d i s t i l l e d  o f f .  The r e s id u e  in  th e  f l a s k  was th en  e x ­
t r a c t e d  s e v e r a l  t im e s  w ith  ch loro form  to  remove any m a t e r ia l  which
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had n o t  b e e n  d e b e n z o y la te d .  The ch lo ro fo r m  e x t r a c t  was d r i e d  over  
sodium s u lp h a t e ,  f i l t e r e d  and tak en  to  d ryn ess  t o  se e  i f  t h e r e  was 
s u f f i c i e n t  m a t e r i a l  l e f t  to  make i t  w orth  w h ile  r e - tr e a t in g  i t .  To 
the w ater  l a y e r  was added a s l i g h t  e x c e s s  ( c a l c u l a t e d  from th e  
w e i ^ t  o f  p o ta s s iu m  u s e d )  o f  t a r t a r i c  a c i d .  Some 84^ a l c o h o l  was 
added and th e  m ix tu re  c o o le d .  The P o ta ss iu m  hydrogen  t a r t r a t e  
w hich  was p r e c i p i t a t e d  was f i l t e r e d  o f f . To the  f i l t r a t e  was added  
l e a d  a c e t a t e  to  remove the  e x c e s s  t a r t a r i c  a c id  and the e x c e s s  l e a d  
a c e t a t e  was in  tu r n  removed by p a s s in g  in  a c u r r e n t  o f  s u lp h u r e t t e d  
h yd ro gen . B iere  was thus l e f t  a s o l u t i o n  c o n t a in in g ,  in  a d d i t io n  
to  the d e b e n z o y la te d  m a t e r ia l ,  o n ly  a c e t i c  a c i d  and s u lp h u r e t t e d  
h yd rog en . This s o l u t i o n  was then  ta k e n  to  d r y n e s s .
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ACETYLATION OP STARCH.
M o d if ic a t io n  N o .I  o f  B a r n e t t M e t h o d  f o r  
A c é t y l a t i o n  o f  S t a r c h .
B a r n e t t ' s  a c é t y l a t i o n  was o r i g i n a l l y  d e s ig n e d  fo r  
c e l l u l o s e  (2 3 )  b u t  was m o d if ie d  by Dr. R u th e r fo r d  f o r  th e  a c é t y l ­
a t i o n  o f  s ta r c h  and was a l s o  u sed  by  the p r e s e n t  au th or  fo r  s e v e r a l  
p r e p a r a t io n s  o f  s t a r c h  t r i a c e t a t e s ,  the  d e x t r in  from w h ich  I s  r e ­
f e r r e d  to  h e r e a f t e r  as " D extr in  A."
The f o l l o w i n g  Is  an a cco u n t o f  a t y p i c a l  e x p e r im e n t .
4 0 g . s t a r c h  (R ice  s t a r c h  from M essrs .  B .D .H . was em ployed  
through out t h i s  r e s e a r c h )  were added t o  280 c c s  . o f  g l a c i a l  a c e t i c  
a c id  through w h ich  c h lo r in e  had b een  bu bb led  fo r  1-| m in u te s .  To 
t h i s  m ixture  were added 320 c c s .  o f  a c e t i c  anh ydride  and su lp h u r  
d io x id e  bubb led  through the l i q u i d  f o r  ij- m in u te s ,  a f t e r  w hich th e  
m ixtu re  was m a in ta in e d  a t  50^0, w i t h  c o n s ta n t  s t i r r i n g  fo r  th r e e  
days (10  hours per day) w h i le  c h lo r in e  and su lp h u r  d io x id e  were  
In tro d u ced  d a l l y  f o r  the same tim e as In th e  p r e l im in a r y  t r e a tm e n t .  
Most o f  the s t a r c h  went In to  s o l u t i o n ,  b u t  th e r e  a lw ays rem ained  a 
p o r t io n  w hich ap p eared  t o  be u n a f f e c t e d  by d i f f e r e n c e s  In c o n c e n tr a ­
t i o n  or l e n g t h  o f  t r e a tm e n t .  By r a i s i n g  the  tem p eratu re  to  BO^ C 
a c l e a r  s o l u t i o n  was o b ta in e d ,  b u t  t h i s  was dark brown In c o lo u r ,  
shovfIng s ig n s  o f  d e c o m p o s it io n , and a c c o r d i n g l y ,  t h i s  method was n o t
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a d o p te d .  The u n d i s s o lv e d  p o r t io n  was rem oved by sh a k in g  the  
m ixtu re  w i th  s i l i c a ,  fo l lo w e d  by f i l t r a t i o n .  The c l e a r  f i l t r a t e  
was poured in t o  a la r g e  e x c e s s  o f  w ater  and^the w h ite  powder, th u s  
p r e c i p i t a t e d ,  a f t e r  b e in g  w e l l  washed w i t h  w a t e r ,  a l c o h o l ,  and 
e th e r  in  s u c c e s s i o n ,  was d r ie d  in  a vacuum oven a t  50®G. The y i e l d ,  
w h ich  was f a i r l y  c o n s t a n t  in  v a r io u s  p r e p a r a tio n s  was 5 0 g . ,  t h a t  i s ,  
6 8 .5 ^  th e o r y .
The a c e t a t e  was f r e e  from c h l o r i n e ,  and su lp h u r  and gave  
no ash  on i n c i n e r a t i o n .  I t  was i n s o lu b l e  in  e th e r  and w a te r ,  
s l i g h t l y  s o l u b l e  in  h o t  a l c o h o l ,  s o lu b le  in  a c e to n e  and c h lo r o fo r m .
I t  had a s l i g h t  r e d u c in g  a c t io n  on P e h lin g * s  s o l u t i o n .  S p e c i f i c  
r o t a t i o n  in  ch loro form  o f  v a r io u s  p r e p a r a t io n s  from d i f f e r e n t  
s t a r c h e s  was 0 ^ 3 ^ =  -h 16(f a p p ro x .
S o x h le t  E x t r a c t i o n s .
In o r d e r ,  i f  p o s s i b l e ,  to  i s o l a t e  e i t h e r  a pure a c e t y l a t e d  
t e t r a s a c c h a r i d e ,  or a pure a c e t y l a t e d  a n h y d r o - t e t r a s a c c h a r id e  v a r io u s  
methods were a d op ted  fo r  the  p u r i f i c a t i o n  o f  th e  crude a c e t a t e s  
o b ta in e d  by the  B a r n e t t  p r o c e s s  d e s c r ib e d  a b o v e .  E x t r a c t io n  w i th  
a l c o h o l  in  a S o x h le t  ap p aratu s was the f i r s t  method a t te m p te d .
I .  8 . 6  g . o f  s t a r c h  t r i a c e t a t e  were e x t r a c t e d  w i t h  a b s o lu t e  
a l c o h o l  in  a S o x h le t  app aratu s fo r  0 .7 5  h o u r s .  The r e s id u e  in  
the  th im b le  was d r ie d  and broken  up . I t  sm e lt  s t r o n g l y  o f  e t h y l -  
a c e t a t e .  The e x t r a c t i n g  l iq u o r  v/as c o o le d  and an amorphous s o l i d  
s e p a r a te d  o u t .  I t  was f i l t e r e d  o f f  and d r ie d .  The f i l t r a t ® ,  on
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p o u r in g  in t o  w a te r  gave o n ly  a f a i n t  c l o u d i n e s s ,  so  presum ably no 
a c e t a t e  rem ained  in  s o l u t i o n .
A f te r  Ex- S e p a r a t in g
O r ig in a l  a c e t a t e . t r a c t i o n . on C o o l in g .
W eight . . .  8 . 6  g .  8 .4  g .  0 . 2  g .
in  C h loroform . + 1 5 7 .8 ^  4 - 1 5 7 .0 °  4 - 1 5 4 .0 °
A c e t y l  C o n te n t .  4 8 .0 ^  4 7 .0 ^  4 7 . <0
I I .  The a c e t a t e  was e x t r a c t e d  w i t h  a b s o lu t e  a l c o h o l  fo r  th r e e  
d a y s . C o n s id e ra b le  c o lo u r in g  to o k  p la c e  and d e c o m p o s it io n  seemed  
to  have o c c u r r e d .
A f t e r  Ex- S e p a r a t in g
O r ig in a l  a c e t a t e  t r a c t i o n  on C o o l in g .
W eight . . .  70 g .  6 3 .0  g . 6 .2  g .
[^ ]  in  C h loroform . + 1 5 7 . 0 °  + 1 5 4 . 2 °  + -1 5 4 .0 °
A o e ty l  C o n te n t .  47.0% 43.0% 43.6%
A s m e l l  o f  e t h y l  a c e t a t e  and a s l i g h t  r e d u c t io n  in  the  
a c e t y l  c o n t e n t  i n d i c a t e d  th a t  th e  a lc o h o l  was s lo w ly  a t t a c k in g  
th e  a c e t y l  g r o u p s .  As th ere  were no s i g n s  o f  f r a c t i o n a t i o n  by  
t h i s  method i t  was abandoned.
E x t r a c t i o n  I I I . The crude a c e t a t e  was b o i l e d  fo r  • 5 hours w i th  
a b s o lu t e  a l c o h o l  under a r e f l u x .
6 5 .
A f te r  E x- S e p a r a t in g
O r ig in a l  A c e ta te  t r a c t i o n  on C o o l i n g .
W eight . . .  1 0 .0  g . 9 .1  g .  0 .8  g .
[o(]^  in  C hloroform . + 1 5 7 .8 0  + 1 6 1 .1 °  + 1 5 8 . 2 °
A c e t y l  c o n t e n t .  4 7 .6 ^  4 7 .0 ^  48.0%
No e x t e n s i v e  f r a c t i o n a t i o n  c o u ld  be o b ta in e d  b y  t h i s  
m ethod. A f a i n t  s m e l l  o f  e t h y l  a c e t a t e  was n o te d ,  b u t  as no 
s e r io u s  d ecrea se  in  the a c e t y l  c o n te n t  was o b ser v ed , r e f l u x i n g  
w ith  a l c o h o l  was r e t a i n e d  as a p r e l im in a r y  trea tm en t  to  remove 
the  l a s t  t r a c e s  o f  a c e t i c  anhydride  (u sed  in  the  p r e p a r a t io n  o f  
the  a c e t a t e )  which m ight s t i l l  c l i n g  to  th e  m a te r ia l  on a cco u n t  
o f  i t s  p h y s i c a l  n a t u r e .
F r a c t io n a l  P r e c i p i t a t i o n  by E th er  o f  S ta r c h  
T r ia c e t a t e  from S o lu t io n  in  C hloroform .
The p roced u re  in  v a r io u s  ex p er im en ts  was as  f o l lo w s  
The a c e t a t e  was d i s s o l v e d  in  c h lo ro fo r m  and e t h e r  added u n t i l  a 
f a i n t  c lo u d in e s s  p e r s i s t e d  on s h a k in g .  The s o l u t i o n  was f i l t e r e d  
and sm a ll  q u a n t i t i e s  o f  e th e r  a d d ed . Each s u c c e s s i v e  a d d i t io n  
b rou gh t down some o f  the  a c e t a t e  a s  a sy r u p . The su p e r n a ta n t  
l iq u o r  was d r a in e d  o f f  and more e th e r  added to  i t .  On the add­
i t i o n  o f  e th e r  to  the s y r u p ,  i t  form ed a s o l i d  w hich c o u ld  be 
broken up -  f i l t e r e d  and d r ie d .
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20 g .  s t a r c h  t r i a c e t a t e  in  50 c e s .  c h lo r o fo r m .
4- 50 C C S .  E ther  -  c lo u d in e s s  -  f i l t e r  o f f .
4- 25 C C S .  E th er  -  d e c a n te d  -  l e f t  F r a c t io n  1 ,1 3 0 ^  4 -1 6 0 .0 ® .
4- 5 C C S .  E th er  -  d e c a n te d  -  l e f t  F r a c t io n  I I , [ # ] ^ 4- 1 6 1 .6 ® .
4-20 C C S .  E th er  -  d e c a n te d  -  l e f t  F raction  I I I ^ 4- 161. 6®.
Taken to  d ryn ess  -  F r a c t io n  IV, Gx] ^ 4- 155 .0® .
F r a c t io n a l  P r e c i p i t a t i o n  by E th er  o f  S ta r c h  T r ia c e t a t e  
from S o l u t io n  in  E th y l  A c e t a t e .
The same proced u re  was a d o p ted  as in  the ca se  o f  c h lo r o ­
form .
20 g .  s t a r c h  t r i a c e t a t e  in  90 c c s . e t h y l  a c e t a t e .
- f 95 C C S .  E th e r  -  d e c a n te d  -  l e f t  F r a c t io n  I ,  |of]^4-1 7 0 .]P W eight 4 . 0 g .
4-10 C C S .  E ther  -  d e c a n te d  -  l e f t  Fraction  I I ,  L^D^-4-164.0®Weight 3 . 3 g .
4-20 C C S .  E th er  -  d e c a n ted  -  l e f t  Fraction I I I ,  &<3^-»-165.0%eight 4 . 3 g .
Taken to  d ryn ess  -  F r a c t io n  IV 4- 1 5 7 .^ W e ig h t  5 . 2 g .
F urther  f r a c t i o n a t i o n  o f  F r a c t io n  I d id  n o t  g iv e  m a t e r ia l  
o f  a h i ^ e r  s p e c i f i c  r o t a t i o n ,  nor d id  f u r t h e r  f r a c t i o n a t i o n  o f  
F r a c t io n  IV g iv e  m a t e r ia l  o f  low er  r o t a t i o n .  A r e p e t i t i o n  o f  t h i s  
exp er im en t co n firm ed  th e  r e s u l t .
Ih a t  f r a c t i o n a t i o n  took  p la c e  from a s o l u t i o n  o f  e t h y l  a ce tale  
and n o t  from ch lo ro fo rm  may p o s s i b l y  be due to  th e  d i f f e r e n t  b eh a v io u r  
o f  e t h y l  a c e t a t e  and ch loro form  as s o l v e n t s ,  e t h y l  a c e t a t e  h a v in g  a 
pronounced ten d en cy  to  d i s s o c i a t e  c o m p lex e s .
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De-ace t y l a t i o n  o f  S tarch  T r ia c e t a t e .
Method I . 10 g .  s ta r c h  t r i a c e t a t e  were added to  30 c c s .  
o f  a 33% aqueous s o l u t i o n  o f  d lm ethy lam ln e . This was shaken fo r  
three  to  fo u r  d ays . The s o l i d  m a te r ia l  went In to  s o l u t i o n .  On 
pou rin g  In to  a la r g e  e x c e s s  o f  a lc o h o l  the " regen era ted  starch"  
was p r e c i p i t a t e d .  I t  was washed f i r s t  w ith  a lc o h o l  and th en  w ith  
e th e r  and d r ie d  In a vacuum dess le a  t o r . The y i e l d  was t h e o r e t i c a l .
Method I I . The same procedure as th a t  d e sc r ib e d  above 
was u sed , b u t  c o n cen tra ted  ammonia s o l u t i o n  was employed In p la c e  
o f  d lm ethylam lne. A t h e o r e t i c a l  y i e l d  was a g a in  o b ta in e d .  A 
very s l i g h t  darkening occurred  w ith  e i t h e r  method due to  th e  r e ­
ducing m a te r ia l  p r e s e n t .
Further A c é t y la t io n  E xp erim ents .
In order to  f in d  out th e  e f f e c t  o f  fu r th e r  a c é t y l a t i o n  
the f o l lo w in g  scheme was c a r r ie d  through and the r e s u l t s  are tabu­
l a t e d  b e lo w .
Crude s ta r c h  t r i a c e t a t e  was e x t r a c t e d  w ith  h o t  a lc o h o l  
fo r  «5 hours under a r e f l u x .  The r e s id u e  was d r ie d  and f r a c t i o n a l l y  
p r e c i p i t a t e d  from e t h y l  a c e t a t e  by e t h e r .  The th ree  f r a c t i o n s  were 
d e - a c e t y la t e d  and carbon hydrogen a n a ly s e s  perform ed. They were 
then r e - a c e t y l a t e d  by B a r n e t t ’s method, the s p e c i f i c  r o t a t i o n  taken ,  
de- a c e t y l a t e d ,  and the s p e c i f i c  r o t a t i o n  ta k e n .  The th ree  f r a c t io n s  
then had to  be bu lked  to g e th e r  on accou n t o f  the sm all q u a n t i t i e s
1
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rem a in in g . i h i s  bu lk  was then  r e -a c e  t y l a t e d  by B a r n e t t ' s  method.
A ceta te
17 .5 .o'
Crude S tarch  'Triacetate
E x tr a c ted  w ith  a l c o h o l .
S ta rch  T r ia c e ta te  1 6 2 .0 °
 t  - ' ------  ~  I
8 .0 g  1 6 5 .0 °  29 .2g[c<]+161.2*
Deace t- 
y l a t e d
D extr in
5 . 5 g .  [ « J ^ +  1 7 4 . 8 °
A n a l y s i s .
0  = 4 3 . 5 %  H -  6 .7^
1 0 .O g.D eacet- 8 .O g.D eacety­ 1 0 . Og.
y l a t e d . l a t e d .
> ' !
3 . 4 g . ( V ] ^ - M 7 4 . 2 °  
A n a l y s i s .
C -  4 3 . 7 #  H = 6 .8 ^
5 . 5 g .  <xj+175.2'
A ceta te
2 . 5 g . ( ^ J  4 - 1 6 0 . 0 °
2 . 0 4  g . 1 .2 9  g .
A c e ty la te d . A c e ty la te d .
Y  >f
V
1 .7 g . ( ^ ] ^ + 1 5 6 . l0
A n a l y s i s .
C = 4 4 .2 #  H -  6 .7^
1 .9 8  g .  
A c e ty ­
l a t e d .
2.5g.[f(3^+1570
Dextr i n .
A c e t a t e .
D e a c e ty la te
3 . 5 g .  1 7 0 . 1 °
A c e ty la te d
4 . 0 g .  1 5 4 . 0 °
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In the  f i r s t  r e - a c e t y l a t i o n  the d e x tr in  went in to  
s o l u t i o n  c o m p le te ly  in  10 hours: in  tkie second  r e - a  ce t y l a t i o n
in  about one h o u r . This would seem to  in d ic a te  th a t  depolymer­
i s a t i o n  was ta k in g  p l a c e .  In each ca se  the f u l l  three  days 
treatm en t was g i v e n .
An in c r e a s e  in  tiie red u cin g  a c t io n  on P e h l in g ’s s o lu t io n  
was a l s o  n o ted  a f t e r  each B arnett trea tm en t, in d ic a t in g  t h a t  some 
h y d r o ly s is  had o ccu rred .
Attempt t o  D estroy the Reducing I^Iaterial 
in  "D extrin  A" w ith  C au stic  P o ta s h .
The d e x tr in  was b o i l e d  for  f i f t e e n  m inutes w ith  d% 
c a u s t i c  po tash  s o l u t i o n .  The s o l u t i o n  was then  c le a r e d  o f  m inera l  
s a l t s  by adding e x c e s s  t a r t a r i c  a c id ;  the  t a r t a r i c  a c id  removed 
by the a d d it io n  o f  l e a d  a c e t a t e ,  the  e x c e ss  o f  which was p r e c i p i ­
t a t e d  w ith  s u lp h u r e t t e d  hydrogen. No d e x tr in  cou ld  be i s o l a t e d .
A s im i la r  a ttem p t, u s in g  dimethylamine in  a s e a le d  tube  
was a l s o  a f a i l u r e .  The d e x tr in  was r eco v ered  by p r e c i p i t a t i o n  
w ith  a lc o h o l  b u t  s t i l l  had red ucin g  p r o p e r t i e s .
Attempt to  O xid ise  the Reducing M ateria l in  
"D ex tr in  A" by Bromine W ater.
Hudson’s method was u s e d .  The d e x tr in  was a l lo w e d  to  
stand w ith  bromine w a ter ,  s u f f i c i e n t  barium b en zoate  b e in g  p r e se n t  
to b u f fe r  the s o l u t i o n  a g a in s t  hydrobromic a c id .  Even a f t e r
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s i x t y - f o u r  h o u rs ,  how ever, the m ixture s t i l l  had a red u c in g  a c t io n  
on P e h l in g 's  s o l u t i o n .  I t  i s  thought th a t  the  barium benzoate  d id  
not g ive  a s u f f i c i e n t l y  n e u tr a l  s o lu t io n  to  p rev en t h y d r o ly s is  o f  
the s t a r c h .
M o d if ic a t io n  N o. I I  o f  B a r n e t t ' s  Method 
fo r  Ace t y l a t i o n  o f  S t a r c h .
The same q u a n t i t i e s  as in  M o d if ic a t io n  I were u sed  but 
in s te a d  o f  p a s s in g  c h lo r in e  and sulphur d io x id e  a t  i n t e r v a l s ,  a 
very  slow  continuous stream  o f  the two gases  was p assed  in to  the  
l i q u i d  h e a te d  to 50° G. About ten  l i t r e s  o f  c h lo r in e  were used  
in  three d a y s . On the fo u r th  day c h lo r in e  and 80^ were each p a sse d  
r a p id ly  for 1-| m inutes and the m ixture l e f t  a t  50^ C. fo r  another  
8 - 1 0  h o u r s .  The v/hole o f  the  s ta r c h  went in t o  s o l u t i o n  g iv in g  
an o p a le s c e n t  l i q u i d .  On pouring in to  much w ater  the a c e ta te  was 
p r e c i p i t a t e d  and was washed and d r ie d  as b e f o r e .
The a c e t a t e  gave a c loudy s o l u t i o n  in  ch loroform  which  
co u ld  not be c le a r e d  f o r  the  purposes o f  ta k in g  a r o t a t io n  on 
accou nt o f  the h ig h ly  c o l l o i d a l  nature  o f  the m a t e r ia l .
On removal o f  the a c e t y l  groups w i th  ammonia (se e  p . 67)  
no darkening occu rred  and a " regen era ted  starch "  was o b ta in ed  
Cbextrin B" ) which gave a c lo u d y  s o l u t i o n  in  w ater  and was in s o lu b le  
in  p y r i d i n e .
It  d id  not reduce P e h l in g ’s s o l u t i o n .
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E s t im a t io n  o f  the Reducing Power o f  Various Dextr i n s .
The method adopted was H ane's m o d i f ic a t io n  o f  the  Hagedorn-
Jêfnsen method ( 2 6 ) .  The e s t im a t io n  depends on th e  r e d u c t io n  o f  
p o ta ss iu m  fe r r ic y a n id e  to  p otass iu m  f e r r o c y a n id e , which i s  removed  
from the system  by p r e c i p i t a t i o n  as a double z in c  s a l t ,  b e fo r e  the  
r e s id u a l  f e r r ic y a n id e  i s  used  to  l i b e r a t e  io d in e  from p o ta ss iu m  
i o d i d e .  The io d in e  i s  then t i t r a t e d  w ith  sodium t h io s u lp h a t e .
A b lan k  i s  perform ed as w e l l  as an e s t im a t io n ,  th e  d i f f e r e n c e  
betv/een the two g i v in g  the red u c in g  power. 'The method i s  s u i t ­
a b le  fo r  a q u a n t i ty  o f  red u cin g  m a te r ia l  w hich w i l l  g iv e  a f i n a l  
t i t r a t i o n  o f  up to  about 7 c c s .  o f  sodium th io s u lp h a te  . Hane 
found th a t  the method worked w e l l  even  w ith  s ta r c h  p r e s e n t  and i t  
i s  e q u a l ly  u s e f u l  w i th  a d e x tr in ;  which a c t s  as an in d ic a t o r  in  
the f i n a l  t i t r a t i o n .  Various d e x tr in s  and sugars were u sed , w i t h  
the r e s u l t s  shown b e lo w . The sodium th io s u lp h a te  s o l u t i o n  u sed  
was 1 .0 1 6  N/gQ, and a m ic r o -b u r e tte  was em ployed.
Substance Wt. used
Sodium T hio­
su lp h a te  r e ­
q u ired  in  CCS.
Reducing  
Power o f  
1 g . i n  CCS. 
sodium t h i o ­
su lp h a te  .
Glucose 1 .9 5  mg. 4 .8 5 2490
M altose 3 .4  mg. 5 .7 0 1680
"D extr in  A" 10 mg. 
10 mg.
1 .5 5
1 .5 0 152
1 s t  Prepn. 
"D extrin  B"
155 mg. 
212 mg.
1 .8 0
2 .6 0 1 1 .8  :
2nd Prepn. 
"D extrin  B"
86 mg. 
91 mg.
0 .5 0
0 .6 0 6 .4
R ice S tarch ISÆ - U Î  - 5 .9
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The r e s u l t s  o b ta in e d  fo r  g lu c o se  agree  w ith  th o se  qu oted  by Hane.
E f f e c t  on Reducing Power o f  B o i l i n g  w ith  A l k a l i .
The fo l lo w in g  procedure v;as a d o p te d : -  A s u i t a b l e  w e ig h t  
o f  the n ia te r ia l  was d i s s o l v e d  in  5 c c s .  o f  a 20% s o l u t i o n  o f  
c a u s t i c  soda  and b o i l e d  fo r  35 m in u te s .  The l i q u i d  was c o o le d ,  
made s l i g h t l y  a c id  w i t h  s u lp h u r ic  a c id ,  then  a l k a l i n e  w ith  sodium  
carbonate  and made up to  a d e f i n i t e  volume -  u s u a l l y  35 c c s  . -  
w ith  w a t e r .  A lso  a p a r t i a l  b lank was p rep ared , c o n s i s t i n g  o f  
the  same m ixture  as in  th e  above experim ent bu t w ith o u t  b o i l i n g .  
L a s t ly ,  a com plete b la n k , c o n s i s t i n g  o f  c a u s t i c  so d a , su lp h u r ic  a c id  
and sodium carbonate as u sed  above, in  order to  a l lo w  f o r  the e f f e c t  
o f  th e s e  r e a g e n ts  on the t i t r a t i o n s .  In each ca se  the volume was 
made up to  35 c c s .  The e s t im a t io n  v;as then  c a r r ie d  out on a l l  
three  in  th e  u su a l  manner. The r e s u l t s  are t a b u la te d  b e l ov/:-
Ma t e r i a l /
M a ter ia l Treatment
W eight
u s e d
A ctua l  
T i t r a t ­
io n  in  C C S .
Reducing Power 
as C C S .Sodium Thio­
su lp h a te  .
( a ) o f  w e ig h t (b )  o f  
ta k e n .  l .O g .
Glucose B o i l e d  w ith  a l k a l i 1 .9 5  mg. 10 .0 0
P a r t i a l  b la n k 1 .9 5  mg. 1 5 .0 0 5 .0 0 2560
Blank - 1 0 .0 0
B o i l e d  w ith  a l k a l i 3 . 4  rag. 9 .3 0 .50 150
M altose P a r t i a l  b lan k 3 .4  mg. 4 .7 0 5 .1 0 1500
Blank — 9 .8 0
B o i le d  w ith  a l k a l i 10 mg. 9 .2 0 .80 80
"D extrin  A” P a r t i a l  b lan k 10 rag 8 .4 5 1 .5 5 155
Blank — 1 0 .0 0
B o i l e d  w ith  a l k a l i 1 8 0 .8  mg. 4 .0 0 5 .8 6 3 2 .4
" D extr in  B" P a r t i a l  b la n k 179 .0  rag. 8 .2 5 1 .6 1 9 .0
1 s t  Prepn . Blank — 9 .8 6
B o i le d  w i t h  a l k a l i 1 0 2 .8  rag. 8 .2 0 1 .7 5 1 7 .0
" D extr in  B" P a r t i a l  b lan k 1 0 0 .7  mg. 9 .3 0 0 .6 5 6 .5
2nd P repn . Blank — 9 .9 5
B o i le d  w ith  a l k a l i 2 8 6 .5  mg. 8 .0 0 2 .0 0 7 .0
R ice P a r t i a l  b lank 2 8 4 .6  mg. 8 .5 5 1 .4 5 5 .1
S ta rch Blank 1 0 .0 0
. _  j
Oî
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Treatment o f  R es id u es  from the B a r n e tt  A c é t y la t io n
P r o c e s s .
In th e  a c é t y l a t i o n  o f  th ree  d i f f e r e n t  s t a r c h e s  by the  
f i r s t  m o d i f i c a t io n  o f  th e  B a r n e tt  p r o c e s s  the  a c e t a t e  formed had, 
in  each  c a s e ,  about th e  same s p e c i f i c  r o t a t i o n  and a c e t y l  c o n t e n t .  
A r e s id u e  was l e f t  in  the ace t y la  t i n g  m ix tu r e .  This was a l lo w e d  
to  s e t t l e  and the su p e r n a ta n t  l i q u i d  poured o f f .  These r e s id u e s  
were washed w i t h  benzene by d é c a n ta t io n  tw e lve  t im e s ,  then  four  
tim es w ith  e t h e r ,  d r ie d ,  and ash  d e te r m in a t io n s  c a r r ie d  out on 
them and a l s o  on the co rr esp o n d in g  s ta r c h  from which th ey  were  
forme d .
R e s u l t s  : -
50 g . R ice s t a r c h  No. 1 .  -  Ash c o n te n t  0 .5 5 ^  gave ' 6 . 0  g . R esidue -
-  Ash c o n t e n t  0 .5 0 ^ .
50 g .  R ice s t a r c h  No. I I  -  Ash c o n te n t  0.65%  gave 1 .7  g . Residue -
-  Ash c o n te n t  0 .5 8 ^ .
50 g . P o ta to  s t a r c h  -  Ash c o n te n t  0.25% gave 1 2 .2  g . R esidue -
-  Ash c o n te n t  0.26%
I t  w i l l  be s e e n ,  t h e r e f o r e ,  t h a t  th ere  i s  no d i f f e r e n c e  o u tw ith  
the l i m i t s  o f  e x p e r im e n ta l  error  betw een  the ash  c o n te n t  o f  a 
s ta r c h  and t h a t  o f  th e  c o rr esp o n d in g  r e s i d u e .
M é th y la t io n  o f  S ta r c h  by Means o f  D iazom ethane.
\ The apparatus employed fo r  t h i s  p r o c e s s  was m o d if ie d
s e v e r a l  t im es b u t  e v e n t u a l l y  took  the form shown in  the s k e tc h .
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A p p a r a t u s  f o r  M A N U F A C T U R E  OF 1 ) » a z o m e t h a n e .
7 6 .
The diazome thane was p repared  a c c o r d in g  t o  the  method o f  
S ta n  d in ger  and Kupfer ( 4 4 ) .  The apparatus was f i l l e d  w ith  n i t r o ­
gen and a slow  stream  m a in ta in ed  throughout th e  ex p er im en t .
75 g .  KOH were d i s s o l v e d  in  180 c c s .  a b s o lu te  a lc o h o l  and the  
s o l u t i o n  warmed. To t h i s  were added 15 g . (1 m o l . )  hyd raz ine  
h yd ra te  in  50 c c s .  a b s o lu t e  a l c o h o l .  Prom the dropping fu n n e l  
Af 40 g . (1 m o l . )  ch loro form  d i s s o l v e d  in  50 c c s .  a b s o lu te  a lc o h o l  
were s lo w ly  added. The r e a c t i o n  which to o k  p la c e  was -
GHGl  ^ f  NH2_ -  NH*. H^O 9  3 HGl. 4- 4 - H^ O.
As the ch loro form  was added th e  g o ld e n  y e l lo w  diazome thane  
was formed and was sw ept up the condenser through th e  trap B and 
absorb ed  in  G. In th e  f l a s k  C was a s u sp e n s io n  o f  20 g . s ta r c h  
in  400 C C S .  dry e t h e r .  The f l a s k  was immersed in  a f r e e z i n g  
m ix tu r e .  A f te r  th e  fo rm a tio n  o f  diazome thane was com p leted  the
f r e e z i n g  m ixture was removed, the stream  o f  n i t r o g e n  shut down and
the s u s p e n s io n  s t i r r e d  for  th ree  to four d a y s .  A slow  e v o lu t io n  
o f  n i t r o g e n  took p la c e  and th e  e th e r  g r a d u a l ly  became c o l o u r l e s s .  
Towards the end o f  the r e a c t i o n  a drop or two o f  water was added 
from th e  dropping fu n n e l  D to  a c t  as a c a t a l y s t .  This c o n s t i t u t e d  
one m é t h y la t io n .  V arious b a tc h e s  o f  s t a r c h  were m eth y la ted  s e v e r ­
a l  t im e s  and the d e t a i l s  are g iv e n  b e lo w . I t  was n o t  found p r a c ­
t i c a b l e  to  w eigh the diazom ethane formed, owing to  i t s  l i a b i l i t y
to  e x p lo d e  on exposure  to  a i r .  The w e i ^ t s  in  Goluran 3 are c a l ­
c u la t e d  from the w e ig h ts  o f  hyd raz in e  h yd rate  u s e d  and the y i e l d  
g iv e n  by S ta n d in g er  and Kupfer -  nam ely 24.9^ th e o r y .
7 7 .
A sample o f  m e th y la te d  s t a r c h  fo r  e s t im a t io n  o f  th e  
m eth oxy l c o n te n t  was th o r o u g h ly  washed w i t h  a b s o lu te  a l c o h o l  to  
remove c y c l i c  compounds formed by  the p o ly m e r is a t io n  o f  d ia z o ­
me t h a n e .
I t  was then d r ie d  under vacuum a t  lOO^C • f o r  one h o u r .
1 . 10 g . S ta r ch  in  200 c c s .  dry e th e r  .
M eth y l-  
! a t i o n .
Weight o f  
Hydrazine  
Hydrate u s e d .
f .......... ..  .......... “ -------
W e i ^ t  o f  
Diazomethane  
forme d .
Me th o x y l  
C ontent o f  
P r o d u c t .
1 s t 5 g . 1 .0  g .
2nd 2 2 g . 4 .4  g .
3rd 1 6 g . 3 .2  g « 5 .5%
4 th 2 5 g . 5 .0  g .
5 th 2 9 g . 5 .8  g .
6th 3 2 g . 6 .4  g . 26 .7%
7 th  ( i n  d ioxan ) 2 5 g . 5 .0  g .
8 th  " 1 9 g . 3 . 8  g .
9 th  " 2 0 g . 4 . 0  g . 26.0%
The p rod u ct  was a pure w h ite  amorphous s o l i d ,  n o t  f u l l y  
s o l u b l e  in  any o r d in a r y  s o l v e n t  e x c e p t  p y r i d i n e .  I t  s w e l l e d  up 
when t r e a t e d  w ith  w a te r ,  d io x a n ,  a c e t o n e ,  ch loro form  or h o t  
a b s o lu te  a l c o h o l .  I t  was m ixed w i th  p y r id in e  and formed a c lou dy  
p a s t e .  This was s u b j e c t e d  t o  anoth er  m é t h y la t io n .  The m ixture
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became b ro w n ish -red  in  c o lo u r .  By p r e c i p i t a t i o n  w i t h  a b s o lu te  
a lc o h o l  3 .7 5  g .  m a te r ia l  o f  m ethoxyl c o n te n t  25 ,S% OMe were ob­
t a i n e d .  I t  was a l i g h t  grey  c o l o u r .  The rem ainder was d i s c a r d e d .
I I .  20 g .  s ta r c h  in  400 c c s .  dry e t h e r .
Me t h y l -  
a t  i o n .
W eight o f  
Hydrazine  
Hydrate u s e d .
W eight o f  
Diazome thane  
forme d .
Me th o x y l  
C ontent o f  
P r o d u c t .
I s  t 44 g . 8 .8  g .
2nd 49 g . 9 .8  g .
3rd 45 g . 9 . 0  g .
4 th 45 g . 9 . 0  g .
5 th 50 g . 1 0 .0  g . 2 6 .5 ^
I I I .  20 g . s ta r c h  in  400 c c s .  dry e t h e r .
Me t h y l  
a t i o n .
W eight o f  
H ydrazine  
Hydrate u s e d .
W eight o f  
Diazome thane  
forme d .
Methoxyl 
Content o f  
P r o d u c t .
I s  t 45 g . 9 . 0  g .
2nd 45 g . 9 .0  g .
3rd 45 g . 9 .0  g .
4 th 45 g . 9 .0  g . 2 4 .3 ^
5 th 39 g . 7 . 8  g . 2 6 .6 #
2 g . o f  t h i s  m a te r ia l  were then  susp(3nded in
e t h y l  a l c o h o l  and g iv en  two more m é th y la t io n s  .
6 th 15 g . 3 . 0  g .
7 th 15 g . 3 . 0  g . 2 6 .0 #
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In no case c o u ld  the  m ethoxyl c o n te n t  be r a i s e d  above 2 6 .8 ^  OMe.
N i e r e n s t e in  (2 8 )  d e s c r ib e s  th e  m é th y la t io n  o f  each i t  in s  
by means o f  d e -a ce t y l a  t i n g  th e  a c e t a t e  w i th  p ip e r id in e  and a t  
the same time p a s s in g  in  diazom ethane in  order to  me t h y l a te th e  
c a c h i t i n .  A s im i la r  r e a c t i o n  was a ttem p ted  w i t h  s t a r c h  t r i ­
a c e t a t e .  1 . 0  g .  s t a r c h  t r i a c e t a t e  was d i s s o l v e d  in  2 0  c c s .  
e t h y l  a c e t a t e  and 3 g . p ip e r id in e  added . 4 g .  d iazom ethane were  
p a s se d  in to  t h i s  s o l u t i o n  which was a l lo w e d  to  s ta n d  a t  room 
tem perature fo r  f i v e  days w ith  o c c a s io n a l  a d d i t io n  o f  drops o f  
w a t e r .  On i s o l a t i o n  i t  was found th a t  the produ ct had no 
m ethoxyl c o n t e n t  and was r e c o v e r e d  unchanged. E v id e n t ly  p i p e r ­
id in e  i s  n o t  a s tr o n g  enough base  to  remove a c e t y l  groups from  
s t a r c h .
H y d r o ly s is  o f  P a r t i a l l y  M eth y la ted  S ta r c h
(Diazomethane Method) and s e p a r a t io n  o f  
H y d r o ly s is  P r o d u c t s . I .
3 . 4  g . o f  s ta r c h  m e th y la te d  b y  the diazom ethane method 
to  a m ethoxyl c o n ten t  o f  2 5 .8 ^  OMe were h y d r o ly s e d  under the  
c o n d i t io n s  d e s c r ib e d  on p .  57 . The f i n a l  p o la r  ime t e r  r e a d in g s
w e r e : -  Time from S t a r t .
( In  1 dm. tube ) .
6 .5  h o u r s .  -4 -1 .8 1 °  t  7 9 .5 °
7 .0  h o u r s .  f  1 .8 2 °  f 8 0 .0 °
I t  was s e p a r a te d  i n t o  i t s  v a r io u s  f r a c t i o n s  by the method
d e s c r ib e d  on p .  57 and th e  r e s id u e s  i s o l a t e d  from each  f r a c t i o n
a c c o r d in g  to  the d e s c r i p t io n  on p .  59 The f o l l o w in g  t a b le s  g iv e  a 
summary o f  the  ex p e r im en ta l  d e t a i l s  fo r  r e f e r e n c e  p u r p o se s .
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SCHEIvE OP ISOLATION OF RESIDUES.
TrIrae t h y l  
Me t h y l  
Glucos ide  
F r a c t io n .
M eth y la ted  S ta r ch
H y d r o ly s is  and S e p a r a t io n .
Dime th y l  
Me th y l  
Glucos ide  
F r a c t io n .
Monome t h y l  
Methyl 
G lu cosid e  
F r a c t io n .
Me th y l  
G lu cosid e  
F r a c t io n
M éth y la t io n  and D i s t i l l a t i o n .
D i s t i l l -  Residue. D i s t -  Residue. D i s t -  Residue.
a t e  . ü l a t e . m a t e . i l l  Ate.
B u lk ed .
F in a l  R e s id u e .
DETAILS OP ISOLATION OF RESIDUES. I .
M e th y la t io n . D i s t i l ] L a t io n . D i s t i l l a t e  . R e s id u e .
Remarks.
F r a c t io n .
N o .o f  
Times
Final Re­
fractive  
Index
Temper­
ature .
Pressure \ f e l^ t Refract­
ive Index.
ivfethoxyl 
C 9 1  tent. 
%OMe.
We i g h t .
Tr ime th y l  
Me t h y l  
Glucos ide
Not M eth y la ted
1
150 -160% 0 .09mm. 0 .3 0 g
,3*
1 .4 6 2 -  - 0 . 0 7 g .
From d i s t i l l ­
a te  c r y s t a l l ­
i s e d  out . I g .  
o f  2 - 3 - 6  t r i -  
Methyl m ethyl  
g lu c o s id e  .
!
iDime th y l  
M ethyl 
jGlucoside
1 j
Not M eth y la ted  i 180-1S0°C j 0.3mm.
! 1
0 . 7 5 g 1 .4 7 0 41.1% 0 .5 5 g .
D im ethyl meth­
y l  glucoside r e ­
q u ir e s  rj5 =1.472 
OMe = 42.0%
iMonomethyl 1 1 
Me th y l  I A f t e r 3 |  1 .4 6 3  . 
G lu co s id e  ; After 4 ; 1.461'^
1401 SO^ C 0 .3mm. 0 .6 7 g .
'7*
1 .4 5 2 — — 0 . 2 1 g .
P entam ethyl  
g lu c o s e   ^r e ­
q u ir e s  7)^  = 
1 .4 4 7 .
Methyl Glu-| 
c o s i d e .  After 4
(would n o t  i After 6  
c r y s t a l l i s e )
n
1 .4 6 9 ,
1.468^
140150 C 0 .3mm. 0 . 2 3 g
u"
1 .453 — — 0 .2 3 g .
1
R esid u es  |
from above ' After 3  
f r a c t i o n  ' 
b u lked  and ,  ^ = 
r e m e th y la t -  ' After 5
e d .  I
i
; 1 .4 7 4
1
1 .4 7 5 '
14 0-150"c 0 .3mm. 0 . 2 0 g , (7*1 .4 5 2 — — 0 .9 6 g .
Methoxyl Con­
t e n t  o f  R e s i ­
due 3 2 .8 ^ 0 Me.
00
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This r e s id u e  o f  0 .9 6  g .  m a te r ia l  w i th  OMe 32.8/© was then  
m e th y la te d  tw ice  in  m ethyl io d id e  w ith o u t  a s o l v e n t ,  bu t the  
m ethoxyl c o n te n t  d id  n o t  r i s e  f u r t h e r .  The m a te r ia l  was a c e t y ­
l a t e d  by th e  method o f  p . 55 and an a c e t y l  e s t im a t io n  ( s e e  p .  55 ) 
showed a fu r th e r  5 .6 ^  a c e t y l  c o n te n t  c a l c u l a t e d  as GHjGOOH. This 
i s  e q u iv a le n t  t o  a fu r th e r  m ethoxyl c o n te n t  o f  2 . 8 % OMe w hich  
w ould r a i s e  the  t o t a l  m ethoxyl co n ten t  o f  the m a t e r ia l  t o  35.6% 
OMe. Theory fo r  a f u l l y  m eth y la te d  a n h y d r o -g lu e ose  i s  4 5 .5  % OMe.
An a ttem p t was th e n  made to  m eth y la te  th e  r e s id u e  by 
means o f  the d im eth y l su lp h a te  r e a c t i o n ,  b u t owing to  the s m a l l ­
n e s s  o f  the s c a l e  proved  u n s u c c e s s f u l .
H y d r o ly s is  o f  P a r t i a l l y  M eth y la ted  S ta r c h
Diazomethane Method) and s e p a r a t i on o f  
H y d r o ly s is  P r o d u c t s . I I .
The same procedure was adop ted  as in  the p r e v io u s  h y d r o l ­
y s i s  . The q u a n t i t i e s  u sed  were 16 g . m e th y la te d  s ta r c h  OMe 26.6%
6 .5  g . H Gl gas and 650 c c s .  m ethyl a l c o h o l .
The f i n a l  v a lu e s  o f  th e  r o t a t i o n s  were : -
Time from s t a r t  ^
( in  2  dm. tube )
6 .5  hours -t- 3 .4 1 °  + 69 .5 °
7 .5  hours f  3 .4 1 °  ^ 6 9 .5 ^
The s e p a r a t io n  o f  the p rodu ct in to  i t s  v a r io u s  f r a c t i o n s  
was c a r r i e d  out as d e s c r ib e d  p . 57 and the  r e s id u e s  i s o l a t e d  from
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each  f r a c t i o n  a c co r d in g  to the  d e s c r i p t io n  on p .  5 9 .  The scheme 
o f  i s o l a t i o n  was t h a t  shown on p .  8 0 ,  e x c e p t  fo r  the f a c t  th a t  
the r e s id u e s  from the v a r io u s  f r a c t i o n s  were n o t  b u lk ed  immed­
i a t e l y .  The e x p e r im en ta l  d e t a i l s  are  c o n ta in e d  in  th e  f o l lo w in g  
t a b le s  fo r  r e f e r e n c e  p u r p o se s .
Triraethyl Methyl G lu cos id e  F r a c t io n  . . . .  3 . 0  g .
Dim ethyl Methyl G lu cos id e  F r a c t io n  . . . .  6 .4  g .
Monomethyl Methyl G lu co s id e  F r a c t io n  . . . .  4*2 g .
M ethyl G lu cosid e  F r a c t io n    1 .8  g .
1 5 .4  g .
EETAILS OP ISOLATION OF RESIDUES. I I .
! M éth y la t io n D i s t i l l a t i o n D i s t i l l a t e R esidue
F r a c t io n
N o .o f  
Times
Final Re­
fractive 
In d e x .
Temper­
a tu re  .
Pressure We i g h t Refl?act- 
IvQ Iidex
life thoxyl 
Oontent 
^OMe
We ig h t Remarks
'Tr ime t h y l  
%eth y l  
p-Iucoside
Not m e th y la te d . 1 5 0 - 1 6 0 0 0 .1 4  mm. 2 . 3 g . - - 0 . 7 g .
O r y s t a l l i s e d  as  
2 - 3 - 6  t r im e th y l  
m ethyl g l u ­
cos  ide  .
s idue , 
from above jAfter 4 
0 . 7  g .  I
- 140-150% 0 .07mm. 0  * l g .
IS*
1 .4 5 0 - 0 . 6 g .
44#0Me
This was th en  
me th y l  a te  d thre  e 
t im es and hadClfe 
46.0/^ a n d i n  
OHOI.3 + 1 0 1 .5  
c = 1 .0 2 5 .
Dime th y l  
Me t h y l  
S lu e 03 ide
Not m e th y la te d 180-19Cfc 0 . 2 mm. 3 .  6 g . 1 . 4 7 3 4 0 . 5 2 .3 g .
D im ethyl Methyl 
G lu co s id e  requires! 
. n l  = 1 .4 7 2
OMe = 4 2 .0 ^
ties idue  
ifrom ab­
ove 2 .3 g .
1
A ft e r  4 - 140-150"c 0 .05mm. 1 .9 g .
/
1 .4 4 7 -
47.0JKKfe
H igh m ethoxyl  
c o n te n t  & softness  
o f  r e s id u e  i n d i c ­
a t e d  t r a c e s  o f  
p en tam eth y l g l u ­
c o se  s t i l l  present.
Residue  
from ab­
ove 1 .4 g .
A f te r  3 140-15db 0 .09mm. 0 .05g, - l . l g  4 3 .6^0Me
M ?  in  CHClj=. 
f l l O . O  0 = 1 . 0 0 3 .
Monome t h y l  
Methyl Glu- 
o o s id e  & 
Methyl G lu­
cos ide - 
Bulke d .
A f te r  6 - 130-150% 0 .04mm. 4 .65g
If"
. 1.448
0 . 7 g .
39.5^0Me R esidu e  r e t r e a t e
Residue  
from a b ­
ove 0 . 7 g .
A f te r  3
1 ______
130-1500 0 .05mm. 0  . 2 g •
‘f
1.451 - 0 *5g . 3 7 .0 ^ M e  .
00
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The d i s t i l l a t e  from the h u lked  m ethyl g lu c o s id e  and 
monome th y l  m ethyl g lu c o s id e  f r a c t i o n s  was h y d r o ly s e d  w ith  Q% 
aqueous h y d r o c h lo r ic  a c id  and on i s o l a t i o n  gave c r y s t a l l i n e  
2 - 3 - 4 - 6  te  trame th y l  g l u c o s e .  The r e s id u e  from t h i s  f r a c t i o n  
was a c e t y l a t e d  and an a c e t y l  e s t im a t io n  (page 55 ) gave
8 .0 ^  CHj COOH. co rresp on d in g  to  a fu r th e r  4^ OMe and g i v in g  a 
t o t a l  m ethoxyl c o n te n t  o f  41.0% OMe. S in c e  t h i s  i s  c o n s id e r a b ly  
below  th e  va lu e  fo r  a tr im e th y l  a n h yd ro -g lu co se  i t  was th ou gh t  
th a t  the in o r g a n ic  components o f  the crude s ta r c h  m o lecu le  might 
have become c o n c e n tr a te d  in  t h i s  f r a c t i o n ,  thus d e p r e s s in g  the  
m eth oxyl v a l u e .  An ash d e te r m in a t io n  how ever, f a i l e d  to  show 
any in o r g a n ic  r e s i d u e .
Further Treatment o f  D im ethyl Methyl 
and Trim ethyl Methyl G lu cos id e  F r a c t i o n s .
These two f r a c t i o n s  d e s c r ib e d  in  the ta b le  above were 
found t o  have a p p ro x im a te ly  the same sp ec if ic  rotatdmand the same 
m eth oxyl c o n t e n t .  Because o f  the  sm a lln e ss  o f  s c a l e  o f  the work, 
t h e r e f o r e ,  th e y  were b u lk ed  and m eth y la te d  tw ice  in  m ethyl io d id e  
w it h o u t  a s o l v e n t .  The m ethoxyl c o n te n t  was then 46.2% OMe.
0 . 2 g .  o f  t h i s  m a te r ia l  was a c e t y l a t e d  and an a c e t y l  e s t im a t io n  
( p .  55 ) showed 5.1% CH^  COOH co rr esp o n d in g  to  2.5% OMe and
g i v i n g  a t o t a l  m ethoxyl c o n t e n t  o f  48.7% OMe.
The rem ain ing  m a t e r ia l ,  1 .1 0  g . ,  was h y d r o ly s e d  by  
b o i l i n g  fo r  24 hours in  5% s o l u t i o n  in  2% a c id  m ethyl a l c o h o l .
The prod u ct were i s o l a t e d  as d e s c r ib e d  on p .  5 7 .
8 6 .
The p rod u cts  were as b e lo w : -
1 •  1 §  •
0 .4 0  g .  2 - 3 - 4 - 6  0 .3 0 g .  0 .2 6 3  g .
te  trame th y l  g l u -  2 - 3 - 6  tr im e th y l  Dimethyl m ethyl
c o s e .  g l u c o s e .  g l u c o s i d e .
The t e  tramet h y l  g lu c o se  c r y s t a l l i s e d  and was i d e n t i f i e d  
as such by m e l t in g - p o in t  and m ixed m e l t in g - p o in t  w ith  an a u th e n ­
t i c  sam ple.
The tr im e th y l  g lu c o se  f r a c t i o n  had the r e f r a c t i v e  in d ex  
o f  2 - 3 - 6  t r im e th y l  g lu c o s e  b u t  as i s  n o t  uncommon w ith  t h i s  sugar  
i t  f a i l e d  to  c r y s t a l l i s e .  0 .2 5  g .  o f  th e  syrup were th e r e fo r e  
c o n v e r te d  to  th e  m ethyl g lu c o s id e  by b o i l i n g  i t  under a r e f l u x  
w ith  .25^ a c id  m ethyl a l c o h o l  fo r  two h o u r s .  This was the m in i ­
mum time in  w hich the  s o l u t i o n  became n o n -red u c in g  and the s h o r t  
trea tm en t was employed as i t  fa v ou red  the  fo rm ation  o f  the ^  
g l u c o s i d e .  The s o l u t i o n  was n e u t r a l i s e d  w i t h  p o ta ss iu m  b ic a r b ­
on ate  and taken  to  d r y n e s s . The r e s id u e  was d i s s o l v e d  in  w a ter
and the  t r im e th y l  m ethyl g lu c o s id e  e x tr a c t e d  w ith  ch lo ro fo rm .
(%
Y ie ld  0 .2 0  g . ri = 1 .4 6 6 .  This was d i s t i l l e d  a t  150-
^ f S
lOO^C, and y i e l d e d  a c o lo u r l e s s  syrup w ith  n^ = 1 .4 5 8 .  T r i-
m ethyl m ethyl g lu c o s id e  r e q u ir e s  n^  ^ = 1 .4 5 7 .  Prom t h i s  m a te r ia l
s e p a r a te d  c r y s t a l s  which under the m icroscope were seen  to  be o f
the form o f  2 - 3 - 6  tr ira eth y l [3  methyl g l u c o s i d e ,  but n o t  enough
s e p a r a te d  to  en a b le  a m e l t in g - p o in t  to  be c a r r ie d  o u t .  A m ethoxyl
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e x t lm a t lo n  was th e r e fo r e  perform ed on the  syrup g iv in g  OMe = 52.5%. 
Theory fo r  t r im e th y l  m ethyl g lu c o s id e  -  48.4%. I t  would t h e r e ­
fo re  appear th a t  on the v e ry  sm a ll  s c a l e  em ployed , s e p a r a t io n  had  
n o t  b een  c le a n  cut and th a t  the  m a t e r ia l  s t i l l  c o n ta in e d  some 
pentam ethy l g l u c o s e .
The d im eth y l m ethyl g lu c o s id e  f r a c t i o n  ( s e e  t a b l e ,  p .  8 6 )
/S'
had = 1 .4 7 3  which co rresp on d s to  the v a lu e  fo r  a d im eth y l m ethyl
g l u c o s i d e .  The m ethoxyl c o n te n t  was however 34.2% OMe. 0 .1 8 8  g . 
o f  the m a te r ia l  was th e r e fo r e  se p a r a te d  from monomethyl m ethyl  
g lu c o s id e  by th e  method d e s c r ib e d  on p .  58 Y ie ld  # .1 5 6 g .  o f  
a p rod u ct  w ith  a m ethoxyl c o n te n t  o f  38.5% OMe. n ^  -  1 .4 7 0 .
D im ethyl m ethyl g lu c o s id e  r e q u ir e s  OMe ■ 42.0% n ^  = 1 .4 7 2 .
I t  w i l l  be n o t i c e d  t h a t  t h i s  sh o r ta g e  o f  m ethoxyl c o n te n t  i s  a l ­
most e x a c t l y  a ccou n ted  for  by th e  in com p lete  m é th y la t io n  o f  th e  
r e s id u e  ( s e e  p .  8 5 ) .
BENZOYIATION OP STARCH.
A ctio n  o f  Hydrobromic A cid  and G la c ia l  
A c e t ic  A cid  on S ta r c h  T r i a c e t a t e .
25 g . crude s ta r c h  t r i a c e t a t e  from M o d if ic a t io n  I o f  
the B a r n e tt  p r o c ess  were d i s s o l v e d  in  b e n z e n e .  The s o l u t i o n  was
c le a r e d  w i t h  s i l i c a  and taken to  d r y n e s s .
1 5 .5  g . o f  the p ro d u ct  were d i s s o l v e d  in  benzene and to
t h i s  were added 60 c c s .  hydrobromic a c id  in  g l a c i a l  a c e t i c  a c id
8 8 .
and 4 5  c c s .  o f  sodium d r ie d  e th er  to  render the m ixture homogen­
e o u s ,  the whole b e in g  then  made up to  250 c c s .  w i th  b e n z e n e .  
P o la r im e te r  r e a d in g s  were taken as f o l lo w s
Time from s t a r t .  ^
0
1 .3  hours  
2 .7  "
4 .2  " 
6 . 0  ”
7 .3  ”
-j- 8 .9 1 °  in  1  dm. tu b e . 
4 9 .1 0 °  " "
f 9 .5 0 °  *’ "
f 2 .6 0 °  in  dm. tu b e .  
f 2 .6 5 °  ’’ "
4 2 .9 9 °  ” ”
. . _ e q u iv a le n t  to  1 1 .4 4 °  in  1 dm. tu b e .
O n e-th ird  o f  the m ixture was then removed, washed tw ice  
w ith  w a te r ,  tw ice  w ith  p o ta ss iu m  b ic a r b o n a te  s o l u t i o n ,  and d r ie d  
over sodium s u lp h a t e .  To th e  s o l u t i o n  v/as added e x c e s s  m ethyl 
a lc o h o l  and 6  g . s i l v e r  c a r b o n a te .  A fte r  sh ak in g  fo r  two hours  
a t e s t  showed the s o l u t i o n  to  be f r e e  from brom ine, i . e . ,  a l l  th e  
bromine in  the r ed u c in g  p o s i t i o n  had been r e p la c e d  by m ethyl form­
in g  a c e t y l a t e d  m ethyl s a c c h a r id e s .  The s o l u t i o n  was then  f i l t e r e d  
and taken  to  d r y n e s s .  Y ie ld  -  2 .5  g .  (A ) .  Theory -  5 .0  g .
A fte r  24 hours the r e a c t i o n  m ixture had become dark. 80 c c s .  were  
then  removed, washed, and th e  volume th en  found to  be 53 ccs  .
This was d r ied  over sodium su lp h a te  and the r o t a t i o n  t a k e n : -
oC -.4-15.87 /  1 5 .8 7  x  53 -  f  1 0 .5 0
80
-f 1 0 .5 0  i s  th e r e fo r e  what the r o t a t i o n  would have b e e n , had i t
8 9 .
been  p o s s i b l e  to  take a r o t a t i o n  on a volume o f  the  dark r e a c t io n  
m ix t u r e .
This p o r t io n  was t r e a t e d  as b e fo r e  w ith  m ethyl a lc o h o l  
and s i l v e r  ca rb o n a te .  Y ie ld  -  2 .5  g .  (B ) .  Theory -  5 .0  g .
A f te r  48 hours the rem ain ing  8 6  c c s  . were washed w ith  w ater  and 
th e  volume was then  found to  be 55 c c s .  ih e  r o t a t i o n  was t a k e n : -
- 1 1 3 .5 2  ’ 1 3 .5 2  X  55 ^ ^  8 . 6 5 .
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Y ie ld  -  2 .5  g .  (C ) .  Theory -  5 .0 g .
On a ttem p tin g  to c r y s t a l l i s e  th e s e  f r a c t i o n s  from ab­
s o l u t e  a lc o h o l  i t  was found t h a t  th e re  was a p a r t  s o lu b le  in  
a b s o lu te  a lc o h o l  in  the c o ld  and a p a r t  i n s o l u b l e .
The f o l lo w in g  ta b le  summarises the r e s u l t s  o b ta in e d .
-  1............  “ ■ »
W eight
u sed
1
S o lu b le  P o r t io n , i I n so lu b le  P o r t io n .
F r a c t io n W ei^ it %OMe %Oko i We%it ^OMe 2&0AC
(A) 2 . 0  g . i 0 . 6 g . 7 0 .3 3 .9 0 4 3 .9 1 .3 g 130.2 1 .2 2 . 44 .6
(B) 2 .5  g . I 2 .4 g . 5 8 .0 3 .8 2 4 2 .6  i1 O .lg
- - -
(C) 2 .5  g . 2 .5 g 3 8 .2 5 .7 2 4 3 .0  11 Trace
- - -
' , . . . .1 . . . . .  1 1 . 1
Another a ttem p t to  t r e a t  s ta r c h  t r i a c e t a t e  w ith  h yd ro -  
bromic a c id  and g l a c i a l  a c e t i c  a c id  was c a r r ie d  o u t ,  b u t  a g a in  
o n ly  a 50^ y i e l d  was o b ta in e d .  I t  would appear th a t  d isp la ce m en t  
o f  the a c e t y l  groups had taken  p l a c e .  This w ould  render the  
m a t e r ia l  s o lu b le  in  th e  wash w a te r s jw h ic h  had some o p t i c a l  a c t i v i t y  
On p a s s i n g  in to  w ater  the bromo-corapound would be decomposed.
9 0 .
P re p a r a t io n  and D egrad ation  o f  the  B enzoate  
o f  ’’D e x tr in  A” .
The d e x t r in  was s o lu b le  in  p y r id in e  and i t  was t h e r e f o r e  
b e n z o y la te d  once by th e  p y r id in e  method. (p .  5 6 ) .  The product  
was o b ta in ed  as  a w h ite  powder in  50% t h e o r e t i c a l  y i e l d .  A 
b e n z o y l  e s t im a t io n  ( p .5 6 )  showed i t  t o  be a lm o st  f u l l y  b e n z o y la t e d .
5  g .  o f  t h i s  m a te r ia l  were degraded under standard  c o n d i t io n s  ( p . 6 0 ) ,  
fo r  th r ee  d a y s .  Y ie ld  95% o f  t h e o r y .  The p rod u ct  was a hard  
g la s s  s o lu b le  in  ch loro fo rm , e t h e r ,  a ce to n e  and a l c o h o l .  I t  had  
a m ethoxyl c o n te n t  o f  6.0% OMe and had no red u c in g  a c t io n  on 
P e h l in g ’ s s o l u t i o n .  Prom t h i s  m a te r ia l  on tr e a tm e n t  w ith  a b s o l ­
u te  a lc o h o l  th e re  were o b ta in e d  0 .3  g . c r y s t a l l i n e  m a t e r i a l .  The 
i d e n t i f i c a t i o n  o f  t h i s  m a te r ia l  i s  d e s c r ib e d  l a t e r  (p jL 0 4 ) .
4 .0 g .  o f  the rem ain in g  syrup were d e b e n z o y la te d  by th e  method o f  
p .  60 and y i e l d e d  0 . 6  g .  p r o d u c t .  This was d i s s o l v e d  in  a l i t t l e  
m ethyl a lc o h o l  and m eth y la te d  th r e e  t im es  by th e  m ethyl io d id e
n
method. Y ie ld  0 .5 5  g . = 1 .4 6 5 .  I t  was d i s t i l l e d  a t
150-160OC. and 0 .1  ram. and y i e l d e d ,
nD i s t i l l a t e  -  0 .2 4  g .  = 1 .4 4 9 .
/) ,
( Pentam ethy1 g lu c o se  r e q u ir e s  n ^  = 1 .4 4 7 )
Residue = 0 .2 6  g . M ethoxyl Content -  32.4% OMe.
P re p a r a t io n  and D egrad ation  o f  Benzoate
from ’’D e x tr in  B”
The d e x t r in  was in s o lu b le  in  p y r id in e  and i t  was th e r e fo r e  
n e c e s s a r y  to  b e n z o y la te  f i r s t  by the Schotten-Baum ea method (P . 56 )
9 1 .
The product from t h i s  was r e - b e n z o y la t e d  by the p y r id in e  method 
( p . 5 6 ) .  Y ie ld  6 6 % o f  th e o r y .  A b e n z o y l  e s t im a t io n  ( p . 55) showed 
65.7%' b en zo y l  c o n t e n t .  Theory fo r  a t r i b e n z o y l  a n h y d r o -g lu c o se ,  
66.5%
5  g .  o f  t h i s  m a te r ia l  was degraded under the stan d ard  con ­
d i t i o n s  ( p . 6 0 ) .  The r e a c t i o n  m ixture was c o n ta in e d  in  a number 
o f  sm a ll  f l a s k s  which co u ld  be opened a t  i n t e r v a l s  and r o t a t i o n s  
taken a s  th e  r e a c t i o n  p r o ceed ed .
In 1 dm. t u b e .
from s t a r t . c< W t>
0 -(-6 . 1 2 ° 1 1 . 2 2 °
16 hours + 7 .6 1 ° + 1 .5 2 °
24 hours + 7 .6 1 ° + 1 .5 2 °
40 hours + 7 .9 8 ° + 1 .5 9 °
65 hours + 8 .0 3 ° + 1 .6 0 °
A fte r  160 hours the s o lu t io n s  had become c lo u d y . They 
were b u lk ed  and worked up in  the  u su a l  way. Y ie ld  -  5 g .  95% 
o f  th e o r y .  From t h i s  were o b ta in e d  0 .4  g .  o f  c r y s t a l s  which  
proved to  be a m ixture  o f  2 - 3 - 6  t r ib e n z o y l  4 ra o n -a ce ty l /S  m ethyl  
g l u c o s i d e ,  and 2 - 6  d ib en zo y l  3 -4  d i a c e t y l / ^  m ethyl g l u c o s i d e .
The syrup r e m i n i n g  was s l i g h t l y  r e d u c in g ,  probab ly  due 
to  d isp la cem en t  o f  the bromine atom in  p o s i t i o n  one during  washing  
w ith  w ater  and p o ta ss iu m  b ic a r b o n a te .  I t  was th e r e f o r e  m eth y la ted  
once w ith  m ethyl i o d i d e .  The produ ct was a hard g l a s s ,  non­
r ed u c in g  w ith  a m ethoxyl co n ten t  o f  8.85% OMe. I t  would appear  
from t h i s  th a t  a c é t y l a t i o n  o f  p o s i t i o n  4 by the hydrobromic a c id
9 2 .
and g l a c i a l  a c e t i c  a c id  was in c o m p le te ,  and th a t  the  vacan t p o s ­
i t i o n  was l e f t  p a r t i a l l y  f r e e  fo r  m é th y la t io n ,  s in c e  the m ethoxyl  
c o n te n t  -  8.85% OMe -  o f  the  m eth y la te d  produ ct i s  c o n s id e r a b ly  
above the t h e o r e t i c a l  v a lu e  -  5.7% OMe -  fo r  a t r ib e n z o y l  mon- 
a c e t y l  m ethyl g l u c o s i d e .
A fu r th e r  q u a n t i ty  (5 g . )  o f  the  b en zo a te  o f  D ex tr in  B 
was degraded under stan dard  c o n d i t io n s  (p.GO ) f o r  30 d a y s .  The 
p ro d u cts  were 4 .3  g .  syru p , n o n -red u c in g  m ethoxyl c o n te n t  6.3% OMe, 
and 0 . 6  g . c r y s t a l s  c o n s i s t i n g  o f  2 -6  d ib e n z o y l  3 -4  d i a c e t y l  'S  
m ethyl g lu c o s id e  and 2 - 3 - 6  t r ib e n z o y l  4 monacetyl%? m eth y l g lu c o s id e .
P rep a ra t io n  and D egradation  o f  the  
B enzoate  o f  R ice  S t a r c h .
The s ta r c h  was b e n z o y la te d  by the S c h o t te n -Baumer method 
(p .  5 6 )  fo l lo w e d  by the  p y r id in e  method (p .  5 6 ) .  Y i e ld  33% o f  
t h e o r y .  ïhe  product was s o lu b le  in  ch loroform  and p y r id in e  but  
in s o lu b le  in  a l l  o th er  o rd in a ry  s o l v e n t s .  For t h i s  r ea so n  i t  was 
im p o ss ib le  t o  perform  the  u su a l  b e n z o y l  e s t im a t io n  ( p .5 5 )  by 
s a p o n i f i c a t i o n  w ith  sodium m e th y la te .  Carbon and hydrogen e s t i ­
m ations were th e r e fo r e  c a r r ie d  o u t .
C -  67.50% H •  5.16%
-  67.70% H = 5.2%
Theory f o r  a f u l l y  b e n z o y la te d  a n h y d ro -g lu eose  -  G -  68.4%,
H -  4.65%. The b e n z o y la te d  s ta r c h  th e r e f o r e  c o n ta in s  64.5%
b e n z o y l  compared w ith  a t h e o r e t i c a l  6 6 . 5 % b e n z o y l ,  i . e . ,  i t  i s
93 .
about 96% f u l l y  b e n z o y la te d .  A p o r t io n  o f  t h i s  s t a r c h  b en zo a te  
was r e b e n z o y la te d  by the p y r id in e  method and a carbon-hydrogen  
e s t im a t io n  gave:
C = 6 7 .6 ^  H = 4.78% thus showing no
in c r e a s e  in  the b e n z o y l  c o n t e n t .
A p r e l im in a r y  d e g r a d a tio n  o f  s ta r c h  b en zo a te  was c a r r ie d  
ou t  under standard  c o n d it io n s  ( p . 6 0 ) .  The prod u ct was i s o l a t e d  
a f t e r  n i n e t y - s i x  hours and was found to  be a hard g l a s s ,  4.5% OMe, 
in s o lu b le  in  a l c o h o l .  From t h i s  no c r y s t a l s  c o u ld  be o b ta in e d .  
S in ce  i t  appeared th a t  d eg ra d a tio n  had n o t  p roceed ed  fa r  enough, 
the  m a t e r ia l  was r e t r e a t e d  fo r  a fu r th e r  108 hours and on i s o l ­
a t io n  gave a g la s s  s o lu b le  in  a lc o h o l  b u t  y i e l d i n g  no c r y s t a l l i n e  
m a t e r i a l .  This i s  in  accordance w ith  the e x p e r ie n c e  o f  Dr.
Oldham, who (u n p u b lish ed  work) t r e a t e d  a 0  m ethyl g lu c o s id e  f i r s t  
w it h  hydrobrom ic a c id  and th en  w i th  s i l v e r  carbonate  and m ethyl 
a l c o h o l .  There r e s u l t e d  a m ixture o f  ^  and J3 m ethyl g l u c o s i d e s .  
I t  would appear th a t  i t  i s  th e  re  trea tm en t o f  the g lu c o s id e  w hich  
c a u se s  t h i s  rearrangem ent s in c e  i t  was found by th e  au th or  in  
l a t e r  exp erim en ts  th a t  the corresp on d in g  bromo-corapound cou ld  be 
r e t r e a t e d  w ith  hydrobromic a c id  and g l a c i a l  a c e t i c  a c id  and y e t  
y i e l d  o n ly  /? m ethyl g l u c o s i d e s .
S h ort D egradation  o f  B enzoate  from R ice  S t a r c h .
80 g . s ta r c h  b en zoate  were t r e a t e d  under s tan d ard  cond­
i t i o n s  ( p .6 0 )  for  fo u r te e n  days in  a s e a l e d  f l a s k .  B efore  t r e a t -
9 4 .
ment w ith  methyl a lc o h o l  the s o lu t io n  was r e t r e a t e d  fo r  a fu r th e r  
24 hours w ith  fr e sh  hydrobromic a c id  and g l a c i a l  a c e t i c  a c id .  I t  
was then  co n verted  in  the u s u a l  manner to  t h e / 5  m ethyl sa c c h a r id e .
The y i e l d  was 7 5 .5 g .  (90^ o f  th e o ry )  and th e  product was a hard  
g la s s  w ith  a m ethoxyl co n ten t  4.9% OMe and a s p e c i f i c  r o t a t i o n  in  
ch loroform , = -<-53.4® c ■ 1 .2 0 1 .  On t e s t i n g  t h i s  w ith
a b so lu te  a lc o h o l  th ere  were o b ta in ed  1 0 . 1  g .  o f  mixed c r y s t a l s  
which were a fterw ards (p .  104) d isc o v e r e d  to  be a m ixture o f  2 -6  
d ib e n z o y l  3 -4  d i a c e t y l  [2 m ethyl g lu c o s id e  and 2 - 3 - 6  t r ib e n z o y l  4 
m onacetyl [3 methyl g lu c o s id e .  The s p e c i f i c  r o t a t i o n  in  ch loroform  
o f  the crude mixed c r y s t a l s  was taken and found to  be ®-f-89.5°
c = 1 .1 9 1 .  This in d ic a t e s  th a t  the r a t i o  o f  the c o n s t i t u e n t ^ o f  
the m ixture i s  5 p a r ts  o f  2 - 3 - 6  t r ib e n z o y l  4 m onacetyl [5 m ethyl  
g lu c o s id e  to  1 p a rt  o f  2 -6  d ib e n z o y l  3 -4  d i a c e t y l / 5  methyl g lu c o s id e  
s in c e  the s p e c i f i c  r o t a t i o n  o f  the former in  ch loroform  i s  =*»-96jCP 
w h ile  t h a t  o f  the l a t t e r  i s  = f  6 0 . 0 ° .
The syrup rem aining a f t e r  removal o f  the c r y s t a l s  was then  
put through the fo l lo w in g  scheme which i s  shown diagraram atically: -
9 5 .
Syrup. OMe = 4 .5 5 ^ , 4 -5 0 .0 °  c -  1 .003
in  ch loroform .
S l i g h t l y  r e d u c in g .
Ace ty  la  t e d .
Syrup. OMe = 3 .9 % , H i )  = f  5 4 .8 °  o = 1 .21 3
in  ch loro form .
S l i g h t l y  r e d u c in g .
R e tre a ted  w ith  hydrobromic a c id ,  
g l a c i a l  a c e t i c  a c id ,  fo l lo w e d  by 
methyl a lc o h o l  under standard  
c o n d i t i o n s .
Syrup. OMe = 4.4fo ^ 7 9 . 8 °  c = 1 .0 9 8
in  ch loro form .
S t i l l  s l i g h t l y  r e d u c in g .
S ince  a c é t y l a t i o n  would have c o m p le te ly  f i l l e d  up 
p o s i t i o n  4 ,  i t  was now p o s s i b l e  to  m eth y la te  the  p ro d u ct .
M éth y la tion  w ith  m ethyl i o d id e .
Syrup. OMe = 5.1%  H J p  = ■<-72.0° o .  1 .1 8 0 .  •
N on -red u cin g .
* I t  w i l l  be seen  th a t  the s p e c i f i c  r o t a t i o n  i s  h ig h er  than those  
observed  a t  p r e v io u s  s t a g e s ,  due to  the  re tre a tm en t  o f  the  
g lu c o s id e s  c o n v e r t in g  some o f  them to  0 |^  g l u c o s i d e s .  ( s e e  p .  9 3 ) .
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3 5 g .  o f  t h i s  m a te r ia l  was then d eb en zoy la ted  (se e  p .  60 ) ,  and 
y i e l d e d  1 1  g .  o f  a c le a r  syrup, s p e c i f i c  r o t a t i o n  in  m eth y la lco h o l  
= + 7 7 .4 °  and a m ethoxyl c o n ten t  o f  13 .4^  OMe. S ince  the  
m ethoxyl c o n te n t  for  a methyl g lu c o s id e  i s  16.0% OMe t h i s  value  
in d ic a t e s  th a t  a c e r t a i n  amount o f  more complex m a te r ia l  i s  a l s o  
p r e s e n t .
The m a te r ia l  was then tr e a te d  as fo l lo w s  : -  
M ethylated  by m ethyl io d id e  three  t im e s .
Methyl a l c o h o l  as s o l v e n t .
M ethylated  tw ice  in  a c e to n e .:
M ethylated  once in  e th e r .
= 1 .4 8 0 ,
-vx ' = 1 .4 5 9 .
-V
M ethylated  once in  methyl io d id e  a lo n e .  
Benzoyl c o n ten t  2.0%
= 1 .4 5 5 .
- n“K -  1 .4 5 5  .
8 .8 4  g .  D i s t i l l e d  a t  130-140°C . and 0 .0 3  mm.
D i s t i l l a t e  6 .33  g .  
ry =r 1 .4 4 8 .
^  o f  l a s t  drop = 1 .4 5 5 .
(Pe'otame t h y l  g lu cose  has xC = 1 .4 4 7 )
Residue 2 .3 7  g . 
Qîvle 46.2% 
Benzoyl c o n ten t  7.5%
S in ce  b e n z o y la te d  m a te r ia l  
had been c o n cen tra ted  in  r e s ­
idue i t  was d eb en zoy la ted  again.
Product w ith  no b en zoy l c o n te n t .
M ethylated  tw ice  in  m ethyl io d id e  
a l o n e .
2 .0  g . R e s id u e . OMe. 48.0%
W j) = t  1 1 1 . 0 ° c = 1 . 0 1 2  in
ch loroform .
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0 .1 6 7  g .  o f  t h i s  r e s id u e  were a c e t y l a t e d  (p .  55 ) and an a c e t y l  
e s t im a t io n  (p . 55) showed 3.4% CH^ COOH which corresponds to  a 
fu r th er  1.7% OMe g iv in g  a t o t a l  m ethoxyl c o n ten t  o f  49.7% OMe. 
Methoxyl c o n ten t  o f  heptam ethyl m ethyl m a lto s id e  -  53.5% OMe.
H y d ro ly s is  o f  Residue from Short Treatment.
1 .5 6 4  g . o f  t h i s  r e s id u e  were h y d ro ly sed  by b o i l i n g  
under a r e f l u x  w i th  35 c c s .  o f  2% a c id  methyl a lc o h o l  fo r  24 hours  
The s o l u t i o n  was then n e u t r a l i s e d  w ith  potassium  b icarb on a te  and 
the p rodu cts  se p a r a ted  out as d e sc r ib e d  on p .  5 7  under "S eparation  
o f  M ethylated  G lucoses" .
The products w e r e : -
0 .4 8 7  g .  2 - 3 - 4 - 6  tetram eth y l  g lu c o s e ,  i d e n t i f i e d  as such  
by m e lt in g  p o in t  and mixed m e lt in g  p o in t  w ith  an a u th e n t ic  sam ple.
0 .3 6 6  g . o f  c r y s t a l l i n e  2 -3 -6  tr im e th y l  g lu c o s e ,  i d e n t i ­
f i e d  as such by m e lt in g  p o in t  and mixed m e lt in g  p o in t  w ith  an 
a u th e n t ic  sa m p le .
■ g
0 .3 4 2  g .  o f  a syrup w ith  r e f r a c t i v e  index . I t  was
p u r i f i e d  fu r th e r  by e x t r a c t io n  w ith  ch loroform  from potassium  c a r ­
bonate s o l u t i o n  and y i e l d e d  0 .3 4 1  g .  o f  m a te r ia l  w ith  n-^ 1 .47 3
and methoxyl co n ten t  34.3% OMe. Dimethyl methyl g lu c o s id e  r e -  
q u ire s  n^ 1 .4 73  and a m ethoxyl c o n te n t  42.0% OMe. I t  may be 
n o te d  th a t  th e  d im ethyl methyl g lu c o s id e  o b ta in ed  from 
"diazomethane r e s id u e s"  had a l s o  a m ethoxyl c o n ten t  lower than  
th e o r y .
9 8 .
LONG DtüGRADATIQN OF BENZOATE FROM RlCiji STARCH.
28 g .  o f  s ta r c h  b en zoate  were degraded under stan dard  
c o n d it io n s  (p .  60) fo r  100 d a y s . The s o l u t i o n  was r e t r e a t e d  for  
a fu r th e r  24 hours w ith  f r e s h  hydrobromic a c id  and g l a c i a l  a c e t i c  
a c id  and then co n v erted  to  the m ethyl compound. There were ob­
ta in e d  2 6 .4  g .  o f  a hard g la s s  w ith  a s l i g h t  red u c in g  a c t io n  on 
P e h l in g 's  s o l u t i o n  and a m ethoxyl con ten t  o f  5 .5 ^  OMe. On t r e a t ­
ment w ith  a b so lu te  a lc o h o l  1 0 . 1  g . c r y s t a l l i n e  m a te r ia l  were 
o b ta in ed , which proved to  be a mixture o f  2 -3 - 6  t r ib e n z o y l  4 mon­
a c e t y l  methyl g lu c o s id e  and 2 - 6  d ib en zoy l 3 -4  d i a c e t y l  methyl 
g lu c o s id e .  The rem aining  syrup was th en  t r e a te d  as fo l lo w s  : -
Syrup
Ace t y l a t e d
P roduct OMe 4 .5 ^  -  y i e ld e d  a fu r th e r
0 . 8  g .  c r y s t a l l i n g  m a t e r ia l .
Hydrobromic a c id  and g l a c i a l  
a c e t i c  a c id  and m ethyl a lc o h o l  
under stan d ard  c o n d it io n s  fo r  
three hours .
Product -  non -redu cin g  OMe = 5 .2^  
in  ch loroform  = f 4 9 . 2 ° .  c = 1 . 0 0 2 .
D ebenzoylated  ( p . 6 0 ) .
M ethylated  3 tim es in  methyl a lcohol. 
2  " " a c e to n e .
1  time in  e t h e r .
(See o v er )
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4 .5  g .  = 1 .4 6 5  (c o n s ta n t )
Benzoyl c o n te n t  -  S . 2%
Debenzoyla ted
P roduct w ith  no benzoy l  
c o n t e n t .
Me th y l  a te  d tw ic e  in  
methyl i o d id e .
Product 1 .4 6 6 .
n.•7 1 .4 4 9 .1 .3 7 9  g .
y
n
o f  l a s t  drop 1 .4 5 9 .
D i s t i l l e d  a t  140-150°C  
and 0 .0 5  mm.
1 .6 41  g .  OMe » 4 4 .1 #
8 9 .0 ^ .  c = 1 .0 12  in  
ch loroform .
0 .1 7 3  g .  o f  the r e s id u e  were a c e t y l a t e d  (p .  5$ and an 
a c e t y l  e s t im a t io n  ( p . 5 5 )  showed an a c e t y l  c o n ten t  o f  3 .2 #  GH^ COOH 
corresponding  to  a fu r th e r  m ethoxyl co n ten t  o f  1 .6 #  OMe and a t o t a l  
methoxyl c o n te n t  o f  4 5 .7 # .
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H y d r o ly s is  o f  R esidues from Long Treatment.
1 .3 76  g .  o f  the above r e s id u e s  were h y d ro ly sed  by b o i l i n g  
under a r e f l u x  fo r  24 hours w ith  25 c c s .  o f  m ethyl a lc o h o l  c o n ta in ­
ing  0 .5  g .  h y d ro c h lo r ic  a c id  g a s .  The i s o l a t i o n  and se p a r a t io n  
o f  the var iou s f r a c t io n s  was then  c a r r ie d  out accord in g  to  the p r o ­
cedure d e sc r ib e d  on p . 57 under "Separation  o f  M ethylated  G lu coses" .
The products were : -
2 -3 -4 -G  Te trame th y l  g lu c o s e .  0 .3 4 6 g .  which c r y s t a l l i s e d  
on n u c lé a t io n  and was i d e n t i f i e d  by m e lt in g  p o in t  and mixed m elt in g  
p o in t  w ith  an a u th e n t ic  sam ple.
T r im e th y l-g lu c o s e . 0 .5 0 5  g . As i s  n o t  uncommon w ith
t h i s  sugar i t  f a i l e d  to  c r y s t a l l i s e .  The syrup had r e f r a c t i v e  
index n ^  1 .4 6 8  and methoxyl co n ten t  3 9 .1 ^  OMe. A tr im e th y l  
g lu c o se  has r e f r a c t i v e  index n ^  1 .47 0  and m ethoxyl co n ten t  4 1 .8^  OMe.
Dime thyl-m e th y l  g l u c o s i d e . 0 .300  g .  w ith  r e f r a c t i v e
1ST
index 1 .4 7 0 .  This m a te r ia l  was p u r i f i e d  by e x t r a c t io n  w ith
ch loroform  from potassium  carbonate s o l u t i o n .  ‘ Y ie ld  -  0 .2 3 8  g .
—— 1 .4 7 4 .  Methoxyl c o n ten t  -  29.0%  OMe .
E st im a tio n  o f  6 - P o s i t i o n  in  Dim ethyl  
Methyl G lucoside F r a c t io n s .
The method adopted was th a t  o f  Oldham and R utherford  ( 2 3 ) .  
The d im ethyl m ethyl g lu c o s id e  f r a c t io n s  from the lon g  and sh o rt  
trea tm en t were bulked fo r  t h i s  e s t im a t io n  owing to  the sm all quan-
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t i t l e s  a v a i l a b l e .
P a ra -to lu e n e  su lp h on y l D e r iv a t iv e .
0 .5  g .  d im ethyl m ethyl g lu c o s id e  were d i s s o lv e d  in  2  c c s .  
p y r id in e  and to  t h i s  were added 1 .9  g .  para to lu en e  su lph onyl  
c h lo r id e  d i s s o lv e d  in  3 c c s .  p y r id in e .  The m ixture v/as a llo w ed  
to s ta n d  a t  30°G fo r  four d ays . A few drops o f  water were added 
to  d i s s o lv e  the p y r id in e  h yd roch lo r id e  formed and g ive  a homogen­
eous s o l u t i o n .  This was poured in t o  a m ixture o f  w ater and c h lo r o ­
form, and the ch loroform  la y e r  washed w ith  h y d r o c h lo r ic  a c id  and 
sodium h y d ro x id e .  I t  was then d r ie d  over sodium s u lp h a te ,  f i l ­
ter ed  and taken to  d r y n e ss .
Y ie ld  1 .0  g . o f  d i-p a r a to lu e n e  su lph onyl d im ethy l m ethyl 
g lu c o s id e .
Conversion to i o d o - d e r i v a t i v e .
This m a te r ia l  was d i s s o lv e d  in  10 c c s .  o f  a c e to n e ,  1 .1  g .  
sodium io d id e  added and the m ixture h e a te d  in  a s e a l e d  tube a t  
100°G fo r  two h o u r s . C r y s ta ls  o f  sodium parato lu en e  su lphonate
se p a r a te d .  The m ixture was taken to  d r y n e ss , e x tr a c t e d  w ith  
chloroform  and w a sh e d -sev e ra l  tim es w ith  sodium th io su lp h a te  to  
remove f r e e  io d in e .  The chloroform  e x t r a c t  was then d r ied  over  
sodium s u lp h a te ,  f i l t e r e d  and taken t o  d r y n ess .  Y ie ld  -  0 .6583  g . 
Es t im a t io n  o f  lodo-G roup.
The above m a ter ia l  was d i s s o lv e d ,  to g e th e r  w ith  1 .0  g . 
s i l v e r  n i t r a t e  in  10 c c s .  a c e t o n i t r i t e  and b o i l e d  g e n t ly  fo r  four  
h o u r s .  The m ixture v/as then taken to  dryness and e x tr a c t e d  s e v e r a l  
tim es w ith  a c e to n e .  The r e s id u e  v/as then b o i l e d  w ith  d i l u t e
1 0 2 .
n i t r i c  a c id ,  f i l t e r e d  o f f ,  d r ied  and w eighed as s i l v e r  i o d id e .  
Weight -  0 .0 8 5 9  g . , g iv in g  an io d in e  co n ten t  o f  6.0%. This means 
t h a t  24% o f  the mixed dim ethyl m ethyl g lu c o s id e s  were u n s u b s t i tu te d  
in  p o s i t i o n  6 .
'Treatment o f  Glucose Pentabenzoate w ith  
Hydrobromic Acid and G la c ia l  A c e t ic  A c id .
5 g .  o f  g lu c o se  pentabenzoate  were t r e a t e d  under the  
standard c o n d it io n s  (p .6 0 )  fo r  106 d ay s . The s o lu t io n  was then  
t r e a te d  fo r  a fu r th e r  24 hours w ith  f r e s h  hydrobromic a c id  and 
g l a c i a l  a c e t i c  a c id  and co n v erted  to  the methyl compound. The 
product v«ras 4 .1  g . (95% th eo ry )  o f  a syrup which c r y s t a l l i s e d  to  
g iv e  t e t r a b e n z o y l l5  methyl g lu c o s id e ,  i d e n t i f i e d  by m e lt in g  p o in t  
and mixed m e lt in g  p o in t  w ith  an a u th e n t ic  sam p le .
P rep aration  o f  O ctabenzoyl M altose.
M altose was b e n z o y la ted  in  e x a c t l y  the same way as s ta r c h  - 
f i r s t  by the Sch otten  Baumen method and then  by the p y r id in e  method 
p .  5 6 .
The product was o b ta in ed  in  52.5% t h e o r e t i c a l  y i e l d  and 
was a w hite  amorphous pov/der w ith  s p e c i f i c  r o ta t io n  =  ^67.2^
c = 1 ,02 1  in  ch loroform .
Conversion to H eptabenzoyl/^m ethyl m a lto s id e .
O ctabenzoyl m altose was tr e a te d  w ith  hydrobromic a c id  and 
g l a c i a l  a c e t i c  a c id  under standard  c o n d it io n s  p . 6 0  fo r  three  hours
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and c o n v e rted  to  th e  methyl compound. Y ie ld  -  4 .5  g .  95/d theory  
o f  a w h ite  amorphous s o l i d  w ith  no red u c in g  a c t io n  on p e h l in g ’s 
s o l u t i o n .  Methoxyl co n ten t  2 .89^  OMe. Theory fo r  heptab en zoy l  
^  m ethyl m a lto s id e  2.85%. S p e c i f i c  r o t a t io n  in  chloroform  
" -<'49.2. c = 1 .0 0 2 .
P rep aration  o f  Methyl M a lto s id e .
9 .0  g .  o f  heptab en zoy l m ethyl m a lto s id e  were d eb en zoy la ted  
(p .6 0 )  and gave 2 .3  g .  o f  a syrup. 79% o f  th e o r y .
This m a ter ia l  was tr e a te d  w ith  a b so lu te  a lc o h o l  and a f t e r  
n u c lé a t io n  c r y s t a l l i s e d .  I t  was i d e n t i f i e d  as jZ m ethyl m a lto s id e  
by m e lt in g  p o in t  and mixed m e lt in g  p o in t  w ith  an a u th e n t ic  specimen
Degradation o f  Octabenzoyl M altose .
16 g . o c ta b en zo y l m altose were degraded under standard  
c o n d it io n s  (p .6 0 )  fo r  60 days . The s o lu t io n  was then r e t r e a t e d  
w ith  f r e s h  hydrobromic a c id  and g l a c i a l  a c e t i c  a c id  fo r  a fu r th e r  
24 hours and co n v erted  to  th e  methyl compound. Y ie ld  1 5 .7  g . -  
95% th e o r y .  The product was a hard g la s s  w ith  a methoxyl co n ten t  
o f  4.9% OMe. Theory for  an eq u im olecu lar  mixture o f  te tr a b e n z o y l  
m ethyl g lu c o s id e  and tr ib e n z o y l  m onacetyl methyl g lu c o s id e  i s  
5.4% OMe. so  th a t  h y d r o ly s is  v/as a lm ost com p lete .
104 .
Nature o f  C r y s ta l l in e  M a te r ia l .
Prom the degradations o f  d e x tr in  and s ta r c h  b enzoates  
there  were o b ta in ed  vary in g  amounts o f  c r y s t a l l i n e  m a t e r ia l .  By 
r e p e a te d  c r y s t a l l i s a t i o n  from a b so lu te  a lc o h o l  t h i s  was sep a ra ted  
in to  two su b stan ces  o f  d i f f e r e n t  c r y s t a l l i n e  s t r u c t u r e .  A n a ly s is  
and th e ir  p h y s ic a l  co n sta n ts  su g g e s te d  th a t  they  were 2 -3 -6  t r i ­
b en zo y l 4 -  m onacetyl ^  methyl g lu c o s id e  and 2 - 6  d ib en zo y l 3 -4  d i ­
a c e t y l / 5  m ethyl g lu c o s id e .  A q u a n t i ty  o f  each  o f  th ese  su b stan ces  
was s y n th e s i s e d  (see  below and p . 105) and a mixed m e lt in g  p o in t  w ith  
the c r y s t a l l i n e  products from s ta r ch  b enzoate  confirm ed t h e ir  
i d e n t i t y .
S y n th e s is  o f  2 -3 -6  T ribenzoyl 4 Monacetyl 
me th y l  g lucos ide .
I .  The 2 -3 -6  tr ib e n z o y l  4 n i t r a t e  ^  m ethyl g lu c o s id e  
which was the s t a r t in g  m a ter ia l  was a sy r u p . In the hope th a t  i t  
would then c r y s t a l l i s e  2 .3  g .  o f  i t  were r e -b e n z o y la te d  by the  
p y r id in e  method ( p .5 6 ) .  Y ie ld  was 2 .2  g . o f  a syrup which c o u ld  
n o t  be c r y s t a l l i s e d .
I I . De- n i t r a t i o n  o f  2 -5 -6  t r ib e n z o y l  4 n i t r a t e  ^  methyl 
g l u c o s i d e . The above syrup was d i s s o lv e d  in  40 c c s .  g l a c i a l  a c e t i c  
a c id  and warmed on th e  w a te r -b a th . To th i s  v/as added z in c  dust  
and iro n  f i l i n g s  in  su ch  p ro p ortion  th a t  a b r i s k  e v o lu t io n  o f  hydro­
gen took p la c e .  N itrou s fumes were a l s o  e v o lv e d  and some time 
a f t e r  the disappearance o f  th ese  a p o r t io n  o f  the m ixture was t e s t e d
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fo r  n i t r a t e  by means o f  diphenylamine . When a t e s t  showed the  
absence o f  n i t r a t e ,  thus in d ic a t in g  t h a t  r e d u c t io n  was com p lete ,  
the m ixture was f i l t e r e d ,  poured in to  benzene and w a te r ,  the  
benzene e x t r a c t  washed w ith  potassium  b icarb on a te  s o l u t i o n ,  d r ied  
over sodium su lp h ate , f i l t e r e d  and taken to d r y n e ss .  Y ie ld  1 .6  g .  
(7 9 .5 ^  o f  th eo ry )  o f  a syrup which would n o t  c r y s t a l l i s e .
I I I .  A c é ty la t io n  o f  2 -3 -6  t r ib e n z o y l  3^ m ethyl g l u c o s i d e .
1 .6  g . o f  the above syrup were a c e t y la t e d  in  p y r id in e  (p .5 5 )  and
y ie ld e d  1 . 6  g .  o f  a syrup which c r y s t a l l i s e d  from a b so lu te  a l c o h o l .  
A fte r  s e v e r a l  r e - c r y s t A l l i s a t i o n s  the m e lt in g  p o in t  was 153-155°C .  
S p e c i f i c  r o t a t io n  in  chloroform  - -  9 3 .0 .  c = 1 .0 5 0 .
P rep aration  o f  2 -6  D ibenzoyl 3 -4  D ia c e ty l  
p Methyl g l u c o s i d e .
A sm all  q u a n t i ty  o f  t h is  compound was prepared  fo r  r e f e r ­
ence a c co rd in g  to  the method o f  B r ig l  and Or une r . The variou s  
s te p s  were c a r r ie d  through and the r e s u l t s  o b ta in ed  agreed  w ith  
the d e s c r ip t io n  g iv en  by them. The va r iou s s t a g e s  in  the sy n ­
t h e s i s  a r e : -
Glucose
Treat w ith  raetaiboric a c id  in  
acetone .
Glucose d ib orate  .
/
Treat w ith  q u in o l in e  and ben-  
 ^ z o y l  c h l o r i d e .
2 -6  D ibenzoyl g l u c o s e .
V
(See over )
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A c é ty la t io n
i
1 -3 -4  T r ia c e ty l  2 -6  D ibenzoyl g lu cose
Hydrobromic a c id  and 
g l a c i a l  a c e t i c  a c id .
1 -  brorao 3 -4  d ia c e t y l  2 -6  D ibenzoyl g lu c o s e .
Methyl a lc o h o l  and 
s i l v e r  c a rb o n a te .
2 -6  d ib en zoy l 3 -4  d ia c e t y l  /3 methyl g lu c o s id e .
In c o n c lu s io n  the author w ish es  to  ex p ress  h i s  
in d eb ted n ess  to  P r in c ip a l  S ir  James C. Irv in e  fo r  h i s  i n t e r e s t  
and h e l p f u l  c r i t i c i s m  throughout the r e s e a r c h .
Ihanks are a l s o  due to  the Department o f  S c i e n t i f i c  and 
I n d u s tr ia l  Research for  a Maintenance Grant h e ld  during 1931-32 ,  
1 9 3 2 -5 3 , and t o  the Carnegie T rustees for  a S en ior  S ch o la rsh ip  
h e ld  during 1933-3 4 , which have en ab led  the r e s e a r c h  to  be under­
taken .
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